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ABSTRACT

The vast amount of scientific and technical information available
in the United States has created a critical need for computerized
technical informaiion centers sdch as those operated in the NASA Regional
Dissemination Program. The comtination of highly skilled literature
specialists and an electfonic computer is employed by the centers to
search various information sources for two basic services, retrospective
search and selective dissemination.

While the operating characteristigs of a center are highly analogous
to those of a typicél busineés firm, management currently does not possess
relevant cost information concerning the literaiure searching activity.
This condition creates a critical problem since the objective of a NASA
Regional Dissemination Center is to operate as a self-supporting entity.
In order to accomplish phe financial objective, relevant cost information
is essential for such managérial functions as planning, controlling,
performancé evaluation, pricing, téporting, and general decision-making.

A two-fold solution to £he cost information deficiency problem is
pro;oséd in this study. A_formal maﬁagerial cost accounting system is
désigned expressl& for the.tﬁo ithyﬁation services of ; NASA Regional
Dissemjnatfon Centér, retrospective search and selective dissemination.
The system was employed during a triél period at the Aerospace Research
Applications Center to-ﬁest'jts effectiveness in a technical information
center. Once’appropriate service cost data are available, ihe statistical
cost model developed in this study can be used in lieu of the formal
cost accounting system and will vrovide an efficient and economical cost

control technique.




The managerial cost accounting system consists of a collection
of source documents, forms, records, computer programs, computer print-
outs, and managerial reports that are designed specifically for a
technical information center's operation. Responsibility accounting and
service costing are accomplished concurrently since the production costs
are charged to the appropriate cost center and information service.

A computerized data processing function is employed to convert cost
data recorded during the producﬁion process on various source documents
into relevant managerial cost information. The appropriate "software"
used for the computer capability is an integral part of the managerial
cost accounting system. A combination of job order and process costing
is employed during the production process and for the electronic data
processing function. A job order costing method is used to record the
costs consumed for the Retrospective Search Service, but a Selective
Dissemination Service contains relatively homogeneous production units so
a process cosiing technique is utilized to calculate weighted-average
profile charges for each SDS performance. Development and maintenance
costs also are accounted for and are charged to the individual searches.

The statistical cost system is founded on the theory of statistical
quality control. Representative values are established on statistical
control charts for the direct search cost mean (i) and the direct search
cost range (R). The X chart measures the central tendency of the unit
search cost data, and the R chart discloses changes in the dispersion of
the unit charges. Probabilistic control limits are established to define
the acceptable search cost performance in relation to the predetermined

targets.



A random sample of five searches is selected every month for both
information services, and the direct cosis-consuméd for each sampled
search are registered on a single recoyd. The mean and.range are
calculated for each sample and are recor&eg on the appropriate cost con-
trol chart. The null hypothesis which is tested with the sample informa-
tion is that the direct unit search costs are "in control" when compared
with the representative values:. If the sample observations are within
the control limits, the hypothésis is accepted, but immediate managerial

action is required if a value is recorded outside the desirable limits.




CHAPTER 1

INTRODUCTION TO THE PROBLEM AND PROPOSED SOLUTION
INFORMATION CRISIS

An explosive research and development effort has generated a
tremendous growth in science and technology in the United States over
the past decade. In 1967, a record $24 billion was forecast-—a five
per cent increase over the preceding year.l A product of this inten-
sive program is an increasing volume and complexity of information
available to the scientific and technical community. The determination
of a feasible system for disseminating the vast amount of information
presents a cémplex problem. Without such a system, a waste of human
resources, time, and money may result from a duplication of research
endeavor since prior relevant findings are not available.

Several organizations are contributing toward a solution to the
problem by developing informatién systems. Among the agencies of the
federal government concerned are the National Aeronautics and Space
Administration (NASA), the Atomic Energy Commission, the Department of
Defense, the Science Information Exchange, and the Department of
Commerce. The National Science Foundation estimated that the federal
government spent $259 million in fiscal year 1966 just to process the

reports of past research and devélopment.2 Similar work is being

1Victor J. Danilov, "1967 I-R Forecast: $24 Billion for Research,"

Industrial Research, (January, 1967), p. 32.

2Richard L. Lesher and George J. Howick, Background, Guidelines, and
Recommendations for Use in Assessing Effective Means of Channeling
New Technologies in Promising Directions, Report prepared for the National
Commission on Technology, Automation, and Economic Progress (November,
1965), p. 38. :




performed by private industrial firms, trade associations, professional
societies, and various indexing publications.

Despite these efforts, a lack of systematic organization of the
research information still persists. An abundance of information is
distributed over a wide range of publications and, as a result, readers
find it increasingly difficult to remain well informed. For example,
the amount of scientific information published in the world every 24
hours would fill seven complete 24 volume sets of encyclopedias or a
total of 61,320 volumes per year.3 As the store of information becomes
more voluminous and specialized, there is a growing requirement for
larger collections and better trained subject specialists to more
adequately serve the user's needs.h Leake summarizes the present status
of the information crisis in the following way:

Something has to give in our current crisis in documen-
tation. Like an overblown balloon, science is ready to
burst its conventional bounds. If something does not give,

we are going to be drowned in the flood of our scientific
knowledge.>

NASA REGIONAL DISSEMINATION PROGRAM

General Purpose

The National Aeronautics and Space Act of 1958 charged the National

Aeronautics and Space Administration with the responsibility "to provide

31bid.

4 john Sherrod, "Functions of a Technical Information Center," In-
formation Retrieval Management, ed. Lowell H. Hattery and Edward M.
McCormick (Detroit, Michigan: American Data Processing, Inc., 1962), p. 34.

5Chauncey D. Leake, "What Must Give in the Documentation Crisis?"
Information Retrieval Management, ed. Lowell H. Hattery and Edward M.
McCormick (Detroit, Michigan: American Data Processing, Inc., 1962), p. 15.




for the widest practical and appropriate dissemination of information
concerning its aciivities and the results therebf."6 One of the programs
initiated to accomplish this objective and to contribute toward a
solution to the overall information crisis was the establishment of
several Regional Dissemination Centers® Nine information centers have
been instituted since 1962 in various sections of the United States to
disseminate the unclassified results of past research and development

to interested parties. The centers, currently operating at varying
stages of development, are located at Midwest Research Institute, Indiana
University, Wayne State University, University of Pittsburgh, North
Carolina Science and Technology Research Center, Southeastern State
College, University of New Mexico, University of Southern California,

and University’of Connecticut. While these centers are not exact
replicas, they offer the same type of services and operate under a

common set of policlies and standards which are administered by the

Office of Technology Utilization of NASA.

Man-machine Linkage

The Regional Dissemination Centers are staffed with engineers and
scientists who possess diverse educational backgroﬁnds. For example,
the staff of the Aerospace Research Applications Center (ARAC) at
Indiana University consists of personnel with training in aeronautical
engineering, ceramics engineering, chemical engineering, electrical
engineering, mechanical eng;neering, metallurgical engineering, chemistry,

geology, life sciences, and physics. For purposes of this dissertation,

6U. S., Statutes at Large, LXXII, Part 1, p. 427.

*The term "NASA Center'" is used as a synonym for NASA Regional Dis-
semination Center in this study.



the term "engineer" is used to refer to an engineer or scientist who
is a literature searcher in a NASA Cénter. The engineers are informa-
tion specialists, capable of understanding the information needs of the
clientele of the centef. A substantial amount of technical training is
necessary to properly evaluate the complex literature. With a thorough
understanding of the literature, the engineers can search efficiently
for information relevant to a user's technical problems and interests.
The other major factor in the operation of a Regional Dissemina-
tion Center is an electronic computer. All of the_éenters have éccess
‘to computerized information éearching, either at their own location or
from one of the other NASA Centers. With its vast membry capacity and
high speed retrieval capability, the computer provides better search
service to the clientele than tﬁat attéined from a manual effort. The
computer system uses a complex of information retrieval programs to
search simultaneously for information thaﬁ is relevant to several re-
quests. Perry and Kent suggest that computerized information centers
have made it possible 1o undertake 1iterature'sear¢hes which previously

required so much time and personél effort that they seldom could be

justified.'

Information Services

. k\‘
The NASA Regional Dissemination Centers primarily are concerned

with information management which, as used in the context of this study,

is the management of the receipt, storage, retrieval, reproduction,

7James W. Perry and Alien Kent,, Toois for Machine Literature Searching
(New York: Interscience Publishers, Inc., 1958), p. 50.
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dissemination, and inventory coritrol of scieﬁtific and technical informa-
tion. A number of other necessary functions are provided by external
sources at no cost to the centers. Among these are the original research,
processing, indexing, and abstracting.

The services of the centers can be grouped into two broad categories:
current awareness and retrospective search. A current awareness service
aids a user in keeping abreast of information as it is generated. The
clientele are informed regularly of rélevant developments in their
srecialized fields through information searches performed at a center so
that their own invéstigation of books; periodicals, and reports is mini-
mized. Specific interest areas are established, and the current informa-
tion germane to eaéh topic is identified for the clientele. An example
is the Aerospace Research Application Center's Selective Dissemination
Service (SDS). Interest profiles, which represent the continuing interest
of a user or a group of users are developed in the form of terms that
match the descriptors utilized to categorize information in the NASA
technical information file. A computer tape containing entries of the
latest information in the NASA file is made available periodically to the
center so that the interest profile terms can be matched by computer
against the descriptors on the tape. The service provides the user with
a means of continuous updéting in his interest area.8

Retrospective searches are designed tb aid a user in investigating
‘revicus research that has been “erformed in a given area. The user

of the information can execute an exhaustive historical search for

8Richard L. Lesher and George J. Howick, op. cit., p. 121.



literature pertaining to a well-defined problem by submitting the
topic to the center. An engineer develops a computerized or manual
search strategy, and the informution sources available to the center
are searched for relevant documents. The information sources include
literary work that originates in a wide range of publications over
a period of several years. For example, Weimer describes the infor-
mation available for retrospective searches at ARAC in the following
way:
Computerized information sources include various research

papers and scientific reports that are available through

NASA's Scientific and Technical Information Facility which

are indexed and abstracted in Scientific and Technical Aero-

space Reports (STAR) as well as articles published in more

than 600 worldwide technical journals which are abstracted

in International Aerospace Abstracts (IAA). Some 150,000

documents are involved and additions are currently being
made at a rate approaching 1000 a week.

The Center also has access to materials published by
the Atomic Energy Commission and through arrangements with
the Department of Commerce, to a substantial portion of
the unclassified documents of the Department of Defense.9

STATEMENT OF THE PROBLEM

Current Status of Cost Information

The management function of a NASA Regional Dissemination Center is
analogous to that of a typical manufacturing concern. Managerial cost

accounting represents the major quéntitative information system in the

FArthur M, Weimer, The Prog}ams of the Aerospace Research Applica-
tions Center, Excerpts from a speech presented at the CIC Conference
on "The Flow of Innovation and the Management of Research" at Wing-
spread, Wisconsin, October 26, 1965, p. 3. '




latter type of operation as it provides essential data for planning,
controlling, and decision-making purposes. One does not have to ponder
long to imagine the utter chaos that would exist if the management of a
yroduction firm were to find itself without the benefits of cost
accounting information. The effectiveness of such managerial functions
as pricing, inventory evaluationf cost-profit-volume analysis, budgeting,
operational effectiveness evaluation, and cost control undoubtedly would
be restricted. However, a deficiencj of relévant cost information appears
to exist in the operation of most NASA Centers, and the management process
is dominated by qualitative factors. In numerous cases, reliance on cost
estimates, based on experience ar.d judgment, has characterized management
practice in technical informatiog centers.lo

The dependence on cost estimation appears to stem from ihe lack of
theoretically sound cost accounting applications in the infdrmation
retrieval field in general. Most libraries are a segment of a larger
organization such as a government or corporation, and tbeir operating
costs normally are considered as overhead exbenses of the parent opera-
tion, with little effort exerted to calculate itemized :efvice costs.11
Instead, the emphasis is on the amount budgeted for yarious cost .
classifications such as salaries, equipment, documents, supplies, and

travel. Although the costs are incurred so that various information

1CI‘his statement is based on the results of the author's literature
review presented in Chapter 2 and an analysis of the research question-
naire disclosed in Exhibit IT.

ll?orngrd K. Dennis, "Financlng a Technical Information Center," In-
formation Retrieval Management, ed. Lowell H. Hattery and Edward M.
McCormick (Detroit, Michigan: American Data Processing, Inc., 1962),
p. 69.




services can be performed, the lack of a cost accounting system pro-
hibits a reliable association of the costs and services. McCormick
hypothesizes that this problem stems from the fact that, "Conventional
information activities normally do not sell their product, hence, are
not in a position to be as cost conscious as they might otherwise be."12
The term "library" is used in this study to refer to all information
retrieval operations except technical information centers. Examples are
public libraries, university 1i§raries and business firm libraries.
However, the NASA Regional Dissemination Centers are in operation
to sell their services to various clientele, and their objective is to
be completely self-supporting from service revenue after an initial
subsidy from NASA. This goal implies that accurate information is
available concerning service costs so that a corresponding price schedule
will generate a breakeven level of revenues. Dennis summarizes the
rolicy of the Technical Information Center of General Electric's Flight
Projulsion Division by stating that, "The Technical Information Center
must act to a certain extent as a business entity, complete with con-
tinuing jroblems of customer satisfaction, sales wolume, and seeking

out new markets."13

Fixed Cost Factor

The operating conditions of a NASA Center complicate the determina-

tion of' itemized service costs due to the large proportion of fixed

12Ldward M. McCormick, '"The Management Process and Science Information
Svstems," Information Retrieval Management, ed. Lowell H. Hattery and
Edward M. McCormick (Detroit, Michigan: American Data Processing, Inc.,
1962), p. 135.

nernard K. Dennis, op. cit., p. 68.




costs incurred by a typical center. Most manufacturing concerns

remploy a sizable labor element which is classified as a variable cost
since it changes proportionately with the operation's volume of activity.
Also, raw material costs, which ‘are variable expenses, usually con-
stitute a large percentage of total product costs. However, most of the
operating costs of a NASA Center are relatively fixed since they do not
vary with volume. The very nature of thg»work force is the major cause
of the phenomenon since skilled engineersband scientists are not the type
of personnel that can be hired and discharged or laid off as the
activity level changes.. Instead, long lead times usually are required
to employ the individuals with the desired special training. This,
together with the fact that they are generally in short supply, requires
offering them stable employment in order to acquire them at all. For
purpéses of this study, the aséumption is made that the information
centers must contend with the fixed labor factor for an annual period
only. Thus management cannot vary the staff level significantly once

an annual operating cycle is in process.

Another operational feature that contributes toward the high per-
centage of fixed costs is the ne;d for specialized equipment. Repro-
duction machinery and computer equipment are necessary anq, if purchased,
produce fixed costs through depreciation charges. leasing arrangements,
if available, often include a fixed usage guarantee. Also, the lack of
raw materials in the information production process contributes sub-
stantially toward the sizable fixed costs. The final product, a deck
of relevant information abstracts, is the result of information

searching and processing, so the majority of the total costs is labor
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expenses. Only a minimum quantity of miscellaneous supplies is used in
the production flow. Therefore, the critical pfoblem is one of determining
a feasible cost system with which to allocate objectively the fixed costs
that often are common to severai services and po distribute the relatively
small portion of variable costs. Most cost accounting information ad-
mittedly represents approximate measurements rather than precise'facts.lh
This condition is especially true when an extensive allocation of joint
costs is necessary, which is the case in the operation of a NASA Center
with its large‘proportion of fixed costs. Nevertheless, a cost system
based on a set of theorétically sound decision rules should produce
information that is consistent and defendable as being objectively
determined. Such a system should generate a scientifically determined

service cost structure.

Potential Management Applications

A wide range of managerial applications appear most likely if
reliable cost and related operational information is available. The
following list illustrates some management techniques, dependent on
accurate cost accounting information, that should contribute toward an
efficient information center operation:

1. Performance evaluation

Responsibility is given to various staff members to
accomplish certain objectives within given time and
monetary constraints. Realistic physical quantities
and related costs are determined for the expected pro-

duction volume, and the employees responsible for the .
various work activities also are accountable for the

Upobert . Anthony, Management Accounting (3rd ed.; Homewood,
Illinois: Richard D. Irwin, Inc., 1964), p. 7.




controllable costs of their operations. Periodic
performance reports are generated from the managerial
cost accounting system to evaluate how effectively
the targets are achieved.

Planning the operation

Planning is the progess of determining what
action should be taken in the future. This activity
must be performed at all levels of the organization
since it establishes the operational targets that
reflect management objectives. Projected work
activity, manpower needs, space requirements,
equipment expenditures, and available funds all are
considered in the planning process. An example is
the budget which represents a plan showing how the
the resources needed for a given period will be
acquired and utilized. Consumer demand for the
information services is forecast, and the resources
required in the various departments of a NASA Center
are budgeted as realistic estlmates of what can be
expected during the period.

Controlling the operation

Control is the process through which management
insures that actual operational activities conform
favorably with the targets established in the
planning function, Rep>rts indicate any deviations
from the targets so that materially unfavorable
variances can be investigated and appropriate correc-~
tive active can be taken. Managerial cost accounting
information is necessary to establish realistic tar-
gets and to measure the actual performance.

Managerial Decision—making

Management of a NASA Center often is required
to make decisions by choosing between several alterna-
tive courses of action. When relevant managerial
cost accounting data are available, the decision
can be reduced to a quantitative basis, and a consid-
erable amount of subjectivity is eliminated from the
process. Since the objective of a NASA Center is to
operate as a self-supporting, breakeven organization,
alternative courses of action should be evaluated in
quantitative terms, whenever possible, to insure that
the relevant economic factors are considered. Examples
of such decisions are: (1) Equipment purchases;
(2) Capacity expansion; (3) Information service feasi-
bility analysis; (4) Service pricing, and (5) Make-buy
decisions concerning documents.

!
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5. Pricing the services

Since the objective of a NASA Regional
Dissemination Center is to operate at a break-
even revenue .level, service cost information should
be available to serve as the basis of the prices
charged to clientele. :All operating costs of a
center must be distributed objectively to the
information services if this full-cost pricing
basis is to be determiried. A managerial cost
accounting system is necessary to employ effective
decision rules for the calculation of the cost of
producing and distributing the information services.

6. Reporting to various internal and external sources

Internal reporting will be a regular occurrence
‘to insure that the appropriate management informa-
tion is available at the right time. Such reports
should represent an accurate description of a
center's operating performance during a given period.
Also, external parties such as sponsoring agencies,
universities, and clientele may have an interest in
the operation and require similar reports of the
financial performance of a center.

MANAGERIAL COST ACCOUNTING SYSTEM

General Scope

The first major objective of this study is the development of a
computerized managerial cost accounting systém that the author proposes
is appropriate for the NASA Regional Dissemination Centers. The system
is designed to account for the costs of the two basic types of service,
current awareness and retrospective search. Although the various NASA
Centers may offer slightly different serfices, they should be able to
classily any given service as one of the two types and use the related
cost accounting philosophy. Since all of the centers operate under a

common set of policies and standards, any service variations should be

minor.
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The system is based on elements from the following: (1) generally
accepted accounting theory; (2) a review of the relsvant literature from
sﬁch discipiines as accounting, library 'sciénce, management science, and
information retrieval; (3) informtion collected on a research questionnaire
that was distributed to the managers of the various Regional Dissemination
Centers. A glossary is presented in Exhibit I to define the majdr cost
terainology used in this study. The components of the system—-ranging
from source documents such as work orders, time tickets, and computer
printouts to reports such as income statenents » labor performance reports »
and service cost reports—-are designed specifically for an information
center. An electronic conputer perfoms the major data processing
operations required in the managerial cost accounting system. Three com-
puter programs provide f.he necessary opérating instructions and are
presented in the Appendicies, _ ,

The overall costing tedmiqle employed in the system is a combina-
tion of job order and process costing methods. A current awareness
service such as ARAC's Selective Dissemination Service ‘requires a pro-
duction process that generates relatively homogeneous products. As an
engineer periodically services the interest profiles, he may spend only a
few minutes on each one so it would not be feasible to attempt to measure
finitely the exact amount of time expended on each profile. Also, the
output of several profiles may be interrelated, and the engineer may work
on the corresponding units concurrently. Yet, information concerning
the cost of servicing the individual profiles is necessary to calculate
the unit SDS costs. Such ihformq_tioh is acquired in the system by a

process costing technique through which all costs consumed during a specific
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time period in a given cost center are collected but are not related to
individual units of output. A weighted-average distribution process
generates unit cost data as the total SDS production performance costs
are divided by the service output. A specifié decision rule is developed
in Chapter 5 to determine the proper numerator and denominator of the
averaging method.

Each retrospective search represents a unique job that is accounted
for as a heterogeneous unit. Every search is identifiable as a specific
job passing through the production process and requires larger work incre-
ments than those employed for tre interest profiles. For example, the

production process consists of an engineer accomplishing several functions
such as problem evaluation, search strategy preparation, designation of
thé computer terms which define the problem, and the edit of the computer
.prihtout that shows the identified references. A job order costing
technique is used to fecord these labor costs as the search is performed,

and all other related expenses are charged to the project.

Managerial Accounting Concepts

A manageria; cost accounting framework is employed as a closed-loop
control sysiem that is illustrated in Figure 1-1. Responsibility
accounting is utilized té appraise the performance of the controllable
costs consumed in cost cenfers established throughout the organization.
The manager responsible for the work activity of each coét center also
is accountable for the confrollable costs of the operation. Budgeted
cost figures are selected as targets, and regular performance reports

indicate the relationship of the actual and budgeted costs. Corrective




15

action is initiated for unfavorable variances through management by

exception to complete the closed-~loop objective.

Figure 1-1

Managerial Cost Accounting Process

Cost Accounting 1.
, System v 2.
Operational 1. Wage rates
Transactions 2.  Labor hours .
A 3. Other operating costs

4. Services performed

- nggts to the ———————u= Accounting Records

Computer printout
Cost accounting ledger

Y

Corrective Aétion € Accounting Reports

via management 1.
by exception 2.
3.
b.
5.
6.
7.

Income statement

Balance sheet

Cost performance report
Labor performance report
Cost center report
Service cost report
Overhead analysis report

Several cost classifications such as variable versus fixed, direct

versus indirect, controllable versus noncontrollable, and service versus

i

nonservice are essential for the managerial accounting process. The

numerous cost groupings can be determined from the output of the single

system and each has distinct advantages, depending on the reason the

date are requested. For example, due to the sizable fixed cost element,

conventional applications of the variable-fixed dichotomy are of minimal

importance. A more significant classification is direct versus indirect

since many of the fixed as well as the variable costs can be traced to the

services and classified as direct charges for costing purposes. If a
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flexible budget is employed to establish a predetermined rate for the
application of the indirect opefating expenses, unit service costs can

be calculated, based on a system that adjusis for periodic changes in
activity. A substantial amount of indirect labor will exist whenever

the service volume varies below the established production capacity be-
cause the relatively fixed work force cannot be adjusted during the
operating year. Since the staff level cammot be varied proportionately
with the information searching activity, unproductive time must be
accounted for as indirect labor. Therefore, whenever the production
volume is less than that forecast for the determination of the work foree
level, a large amount of indirect labor costs is incurred. This deviation
is identified as an unfavorable variance in an overhead analysis report
which aids management in achieving more efficient manpower levels‘in
future operating periods. Without the stabiligzing overhead'application
procedure, the large portion of fixed costs would cause fluctuating

uni£ service costs as a constant amount would be distributed over various
activity levels.

Cost-volume comparisons are investigated critically, and the re-
lationship between marginal and average costs is examined to support the
use of average costs for pricing the information services. Once agaih,
the large proportion of fixed costs complicates the pricing problem since
volume changes will affect unit costs if the fixed costs are distributed
over different levels of activity. However, as suggested earlier, one
of the features of the cost system is a flexible budget for the indirect
operating expenses that will tend to level what would otherwise be erratic
average unit costs. The budget should relate to a time period which is

lengthy enough that the irregular costs and activities tend to balance out.
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The predetermined overhead rate established in the flexible budget is
applied to some activity basis such as direct labor hours to include a
share of the indirect charges in the unit service cost. Thus, unit
service costs are computed on the basis of normal production activity
rather than the actual level. Horngren summariges the advantages of
this procedure in the following manner:
Such an approach has a logical foundation because

a normal product cost is more meaningful and repre-—

sentative for inventory purposes than a so-called

"actual" product cost that is distorted by month-to-

month fluctuations in production volume and bg erratic
or seasonal behavior of many overhead costs.l

Verification of Results

A one way, fixed effects analysis of variance model is intro-
duced in Chapter 3 to test the consistency of the mean service costs
over different time periods. An analysis of variance model represents
a statistical technique which can be utilized to measure differences
between two or more sample means. Hoel explains the use of such a model

in the following way: '

One of the most useful techniques for increasing
the sensitivity of an experiment is designing it in
such a way that the total variation of the variable
being studied can be separated into components that
are of experimental interest or importance. Split~
ting up the total variation in this manner enables the
experimenter to utilize statistical methods to eliminate
the effects of certain interfering variables and thus
to increase the sensitivityi of his experment. The
analysis of variance is a technique for carrying out
the anal{gls of an experiment designed from this point
of view.

15 .
Charles T. Horngren, Cost Accounting - A Managerial Emphasis
(2nd ed.; Englewood Cliffs, New Jersey: ntIceﬁaﬁ, Inc., 1967), p. 84.
6Paul G. Hoel, Introduction to Mathematical Statistics (3rd ed.;
New York: John Wiley and Sons, Inc., 1962), P. 299.
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In Chapter 2, numerous intervening variables which influence the
unit cost of an information search are identified. Several of the more
important factors are:

1. The complexity and structure of the information
requests (for purposes of this dissertation, com-
plexity refers to a subjective estimate of how
difficult a given information request is to satisfy).

2. The number of relevant information abstracts dis-
covered during the search process.

3. The amount of potentially relevant information
available for searching.

4. The familiarity and knowledge of the literature
searcher concerning a specific request.

-t

5. The number of information searches performed per
computer run.

The effect of the intervening variables is a wide dispersion of

-~ unit search costs as particular combinations of the factors contribute

to specific charges. For purposes of this study, the assumption is made
that the distribution of the multi-dimensional factors affecting indi-
vidual searches remains relatively constant between monthly periods
during a short duration when all searches of a given service are con-
sidered. For example, if' 50 searches are performed during January, the
distribution of the multi-dimensional, intervening variables will be
approximately equal to that of the factors related to 48 searches executed
during February. Since the retrQSpective searches normally arrive
randomly and approximately the same SDS interest profiles afe serviced
every month, the assumption of the "averaging out" of the intervening
variables per unit between periodé appears realistic. Consequently, if
the cost accounting system is operating effectively and the distribution
ofAthe intervening variables remains relatively constant, the average

unit cost of a given service should be approximately the same from period
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to period, subject only to random error. Literature searching efficiency
improvements may cause lower unit search costs over an extensive duration,
bﬁp their effect is unlikelj to be significant in the short run. The
analysis of variance model can be used to test the hypothesis that the
‘mean unit costslare approximately equal with an "F" distribution of the
ratio of the mean square between colums and the mean square within
columns. If this ratio is not significantly greater than one, the
hypothesis is accepted as being true. If the hypothesis is rejected,
further investigation is warranted to determine the exact nature of the

variation.

Summagi .

The first objective of this study is‘the development of a
managerigi cost accounting system that is applicable to a NASA Regional
DisSemination Center's operation., Information service costing is per=-
formed within a managerial accounting framework, and the resulting cost
daté should be relevant for planhing, controlling, and decision-making

purposes. The direct costs are traced.to §pecific services during the
production process, aﬁd the indirect charges are applied on the basis of
a predetermined overhead rate. Cost pefformancevis evaluated throughout
a center's operation by the responsibility accounﬁiné process, and the
avenagé service costs provide a realistic basis for a pricing policj.
An analysis of varianqé model is employed to eiémine the avérage costs
rof consistency, thus testing the proposal that they are representative

costs of the service production processes.
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STATISTICAL COST CONTROL

Basic Concepts

The second major objective of this study is the dévelopment of a
statistical cost control model that can be used, if management prefers,
after reliable unit service costs are established. Statistical cost
control, based on probability sampling theory, also provides valuable
managerial information although it will not be as exhaustive as that
generated by a complete cost accounting system. However, considerably
less contribution from the operating personnel is required in the
statistical model since the foundation of any formal cost accounting
system is a detailed reporting process concerning the consumption of
labor, materials, and overhead for every product. Source documents such
as labor time tickets, supplies requisitions, and work orders must be
completed for each cost transaction performed during the production pro-
cess. Such detailed accounting requires a substantial amount of time
and effort on the part of the operating personnel. The use of the
statistical model minimizes the reporting function since a relatively
small number of service units are -sampled for cost control purposes.

Most business firms employing formal qost accounting systems
exercise rigid control checks to insure that the iﬂformation reported
vy the employees is accurate. However, the majority of the personnel
concerned with the éompletion of the source documents are "blue collar

workers" who are accustomed to such routinism.l7 Cummings says that,

17Ely Chinoy, "The Tradition‘bf Opportunity and the Aspiration of
Automobile Workers," The American Journal of Sociology, LVIII (March,
1952), p. 453. :




21

"Unskilled, semiskilled, and even some managerial incumbents are 'taught'
the proper procedures and rules which sustain the character or personality

of that particular organization."18

However, in a technical information
center, most of the operating personnel are highly educated engineers
whose training and work demands a great deal of independence if they are
to search the relevant literature efficiently.

Hambérg hypothesizes that independence is a dominant trait among
creative scientists. He defines independence as the desire to follow
one's own interests without direction or interference from management
controls.19 A study conducted by LaPorte to examine the sources of
strain that affect research scientists revealed that one of the two main
conflicts is the pérpeived restrictiveness of administrative procedures.
Such measures as equipment control and budget allocations are major
sources of irratation since the scientists believe the measures unduly

constrain their activities.zo

Another study by Friedlander and Walton
disclosed that one of the primary reasons government scientists remain
for extensive periods on the same job is technical freedom from admini-

21
strative control.

18LarryACummings, "Organizational Climates for Creativity," Journal
of the Academy of Management, VIII (September, 1965), p. 225.

‘ 19Daniel Hamberg, ESsgxs on the Economics of Research and Develop-
. ment (New York: Random House, 19337, p. 100.

“Orodd R. LaPorte, "Conditions of Strain and Accomodation in
Industrial Research Organizations," Administrative Science Quarterly, X
(June, 1965), p. 27. \

2lprank Friedlander and Eugene Walton, "Positive and Negative
Motivations Toward Work," Adminictrative Science Quarterly, IX (September,
1964), p. 202. '
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Consequently, it is hypothesized that a burdensome organizational
effort andf/or possible behavior problems may limit the usefulness of
a formal cost accounting systemiif it is used for an extensive period.
However, if the personnel are ccnvinced, by the managers responsible
for the installation of the system, of the overall benefits to the
center from reliable cost and operational information, it is proposed
that they will be willing to contribute dependably for a short tiﬁe
period. The cost data should provide useful infonhation for them as
they periodically interact with the clientele since the users are

charged for the services on the basis of actual costs.

Sampling Theory

If the management of a technical information center judges that
a sustained utilization of the formal cost accounting system is un-
realistic due to these or other reasons, it may choose to switch to
statistical cost control after dependable cost targets have been
established. The analysis of variance model will provide an objective
test with which to determine the reliagbility of the mean costs.

Once the cost data are détermined to be valid; representative
parameters can be calculated for a statistical cost control model. A
random sample of service units is selected each month, and the statisti-
cal parameters are computed to insure that the cost targets are being
achieved. Vance and Neter list the following adv;ntages of using
sampling methods rather than considering the entire:population of

data:
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1. Timeliness
The results from sampling usually are available
faster than those pertaining to the entire universe
due to the required computational time.

2. Economy )
Less human effort is required to record the costs,
and less processing time is necessary since fewer
products are considered.

3. Accuracy
Since the personnel realize that they do not have
to record and collect a complete set of information,
they should be more accurate when handling those items
included in the sample.

4. More detailed analysis
More time is available for the responsible personnel
to interpret and report the data than if they were
concerned with the additional computational effort of
the entire universe.

Relevant Costs

The direct service costs of the sampled information searches are
recorded on a single cost record as each unit progresses through the
production process. Direct costs are such items as the labor, computer
time, telephone calls, and reproduction supplies that are identified
readily for a given service. Indirect costs are excluded from the model
since they are distributed to the services in a formal cost accounting
system by a predetermined rate that is applied to some activity basis
such as direct labor costs, direct labor hours, or units produced. A
simplifying assumption is made in the statistical cost system that the
actual indirect costs are absorbed completely, and the total search costs

are considered as a linear combination which is dependent only on the

22L L. Vance and J. Neter, Statistical Sampling For Auditors and
Accountants (New York: John Wiley and Sons, Inc., 1956) sy Pe 12.




random variable—direct costs. Since the purpose of the model is to
determine whether or not the information production process is "in
control" in relation to predetermined cost targets, this assumption

appears reasonable.

Statistical Cost Control Charts

The sample results are recorded on two statistical cost control
charts that distinguish between random deviation and significant
variances which require investigation. The statistical cost model re-
quires a minimum amount of work since corrective action is not necessary
as long as the sample parameters are within the allowable variation from
the cost targets. If the sample results are outside the control limits,
corrective action should be initiated to dgternine the cause since it
is unlikely that the sitﬁation is produced by random error.

The two parameters of interest in the statistical cost control
model are f, the average unit search cost, and R, the range of unit
search costs. The former statiqtic is utilized as a measure of the
central tendency of the production cost data, and the latter is employed
to discover changés in the dispersion of the unit costs. Representative
amounts for both parameters are established as the targets of the tyo
control charts, and the characteristics of a normal probability distribu-
tion are used to set the upper and lower control limits which define the
acceptable cost results. For example, given a distribution of measure-
ments that is approximately bell-shaped, the mean of the distribution

plus and minus one, two, and three standard deviations contains approxi-

mately 68%, 95%, and 99.7% of the measurements, respectively.> As long

23Paul G. Hoel, op. cit., p. 101.
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as the sample observations behave in accordance with the probability

limits, the search cost process is nin control." Trueblood and Cyert

explain the use of a statistical control model in the following way:
The theory of the control chart is based on the

behavior of the sample means. As long as the universe

can be reasonably approximsted by a normal distribution,

it can be safely assumed that the distribution of

arithmetic means will be normally distributed. Even

when the universe is abnormal, the distribution of sample

means will usually approach a normal distribution if the

sample is sufficiently large.

Thus, probability sampling techniques are employed monthly to
estimate the unit direct costs of the information production process.
Representative values of the average unit search cost (X) and the dis-
persion of the unit costs (R) are established as targets on two control
charts prior to the initial sampling procedure. The values of X and R
are calculated for each monthly sample and plotted on the control charts
to determine the extent of any deviation from the targets. If a value
is outside the acceptable control limits, management action is necessary
to determine the cause of the material deviation. Otherwise, the null
hypothesis that the cost process is "in control" is accepted. The model

provides an efficient cost control technique with a minimum contribution

from the center personnel.

SUMMARY OF SURVEY RESULTS

A research questionnaire was distributed to the directors of the

nine NASA Regional Dissemination C3nters to investigate their opinions

2hpobert M. Trueblood and Richard M. Cyert, Sampling Techniques in
Accounting (Englewood Cliffs, New Jersey: Prentice-Hall, Inc., 1957),
P. 145. \
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concerning the curfent status of cost information in their operations.

A personal interview also was conducted by this author to clarify any
ambiguous replies recorded on the questionnaires. Seven of the managers
responded to the request, and tﬂa results are presented in Exhibit 1I.
The three major research objectives of the survey were the following:

1. To analyze the current status of cost accounting
practices employed in the NASA Centers.

2. To evaluate whether or not the existing cost
accounting capabilities could be improved.

3. To give the managers an opportunity to disclose
their opinions of cost accounting concepts that would
be beneficial to the operations.

The results of the survey indicate that a definite deficiency of
relevant cost information exists in the NASA Centers. Only one center
possessed a cost accounting system, and that case represented a proiect
performed earlier by this author for the determination of a feasible
fee schedule. ’The other centers obtained cost information from several
sources, ranging from roughvespimates to a statistical cost system. Also,
only two of the centers attempted to utilize actual costs for the
determination of the service prices charged to @he clientele.

All of the responding directors reported a willingness to install a
formal cost accounting system if it were available, and six of the
managers beiieved that a need existed for improved cost information.

Most of the directors felt that relevant cost data would be beneficial

- for such management functions as planning, controlling, performance
evaluation, scheduling, pricing, and decision-making. Numerous suggestions
concerning the natire of appropriate cost information‘and reports also

were disclosed and are presented in Exhibit II, Appendix IV.




The research questionnaire results substantiate an inference
drawn by this author from a literature review pertaining to the subject
of cost acecounting applications in information retrieval operations.
The details of the literature review are discussed in Chapter 2, but
the most essential discovery was the consistent opinion of various
authors that relevant cost data are needed but not available in informa-
tion centers. The directors of the NASA Centers indicated that they
recognized the importance of relevant cost information but also dis-

closed its absence in their present operations.

CHAPTER ORGANIZATION

This study is organized into seven chapters. The present chapter
contains a brief description of a NASA Regional Dissemination Center's
operation, a definition of the cost information problem, and the con-
ceptual framework upon which a proposed solution is developed. In
Chapter 2, a review of past literary work that is potentially relevant
to the cost information problem is presented and analyzed.

Chapter 3 contains a detailed description of the basic managerial
cost accounting concepts underlying the proposed cost system. In
Chapter 4, the mechanics of the managerial cost accounting system are
applied to the Retrospective Search Service. Chapter 5 describes the
essential features of costing a Selective Dissemination Service.

In Chapter 6, a statistical cost control model is developed. The

statistical system can be employed in lieu of formal cost accounting to
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determine whether or not the information search costs are "in control"
when compared with a predetermined target. Chapter 7 contains the
summary and conclusions of this study as well as inferences related to

the utility of the research in the general area of information retrieval.




CHAPTER 2
LITERATURE REVIEW AND CRITIQUE

1

INTRODUCTION

The purpose of this chapter is to identify and analyze past literary
work that is germane-to the design of a cost system for a technical in-
formation center. The choice of the relevant publicatiéns presents a
difficult problem because most of the cost literature in the information
retrieval field is concerﬂed specifically with such functions as indexing,
documenting, copying, data processing, and reproduction, and usually is
based on cost estimation pfécedures so its contribufion to the design
of an appropriate cost system is marginal..‘

The relatively small body of relevant cost literature is probably a
- function of the fact that library expenditures normally are considered
as overhead costs (See the discussion of Chapter 1). Host libraries are
funded by an indirect source such as a governmenﬁal.agency, a trade
- association, or an industrial firm, and detailed cost information is not
mandatory since the customers do not pay for thé services. However, with
the cémbuterized techhicgl informatioh<centers established in the NASA
Program, this philoéophy is not applicable. Publications which are’
directed at the topic éf cost control for technical information centers
as well as libraries in general are réviewed-so that any pertinent con-
cepts -are cbﬁsidered in the system design of this study.

Instead of attempting'to.review the vdluminous~boqy of accouhting
literature related to cost systems ana their managerial applications,
the analysis is limited to that pertaining‘t§ the research and develop-

ment function. The rapid £echno;ogical advahces in most industries have
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made extensive research and dévelopnwnt programs a necessity. The in-
creasing costs of-such proJjects have‘generated a substantial amount of
interest in the determination oé suitable cost control techniques. Since
a research and development operztion is highly analegous to that of a
technical information center, a corresponding cost system appears realis-
tic. A comparison of the two functions indicates that both employ
techﬁically—oriented personnel, utilize similar operating procedures,

and in essence are concerned with the same type of results.

COST LITERATURE - INFORMATION RETRIEVAL

Evidence of Inadequate Cost Information

Kent, who currently is on the staff of The Knowledge Availability
Systems Center, surveyed the managers of several specialized information
centers to investigate the status of cost data available for the various

information activities.l

The results show that a lack of actual cost
information definitely existed at the centers. Kent presents a summary
of the bpinioﬁs of the managers regarding cost factors in information
retrieval but admits that the views may be biased due to the inadequate
cost information. Nevertheless, the‘study discloses the managers'
experience with such elements as‘thé cost of input materials, systeﬁs
costs, and the determination of a fee schedule. However, the emphasis

on cost estimation rather than cost measurement appears to have created‘

a wide range of opinions and pragtices.

lAllen Kent, Specialized Information Centers (Washington, D. C.:
Spartan Books, 1965), p. 26k, |
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McCormick, a member of the National Science Foundation staff,
asserts that the precedent for the operation of a technical information
center is the traditional 1ibrar& function which normally is a part of the
overhead costs of a sponsoring organization.2 However, the revenue-
generating objective of a computerized technical information center
nullifies this philosophy and creates a need for management information.
The author summarizes the problem in the following way:

In order to close the management control loop, it is

necessary to collect and organize information about the

operating system that will permit further evaluation, modifi-

cation of goals, and revision of the system if necessary.

Again the problem is familiar to management. Further, the
need for obtaining wvalid cost information is obvious.é

McCormick hypothesizes that one of the critical problems underlying
the current status of cost control in a technical information center is
that, in mpst cases, many of the costs are hidden. For example, the costs
of the information retrieval function and the original research projects
may be combined so it is difficult to determine realistic costs for the
operation of a center. 1In order to solve this problem, records should

be kept separately for the various functions.

An example of a cost study of an .information center in which the
author included such input costs as those of the original research pro-
ject and the documentation expenses was that performed by Mueller at the

Operations Research Division of the Lockheed Aircraft Corporation.h

2Fdward McCormick, "The Management Process and Science Information
Systems," Information Retrieval Management, ed. Lowell H. Hattery and
ﬁcéormlcﬁ {

Edward M. Detroit, Michigan: American Data Processing, Inc.,
1962)’ p. 135'
31bid.

. bMax W. Mueller, "Time, Cost, and Value Factors in Information Re-
trieval," General Information Manual: Information Retrieval Systems Con-

ference September 21—23::1229, eepsie (White Plains, New York:
International Business Machines, 1960), p. 12.
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In assessing the value of Mueller's study, Newman suggests that the
inclusion of the input cost ite@g only obscures the normal operating
costs of an information center eince they will be incurred regardless
of how the resulting information is utilized.’

Peters states that, '"Technical information centers need the same
kind of cost control that industrial plants and research laboratories
have found essential in their operation."6 He suggests that the lack of
cost data in the information refrieval field is a result of the fact
that the centers only recently have been organized as independent units
that sell their services since library costs traditionally have been
treated as overhead items.

Langenbeck hypothesizes that library operating costs will continue

7

to increase as the volume of scientific literature grows. He believes
that the critical problem concerning library cost control stems from the
past practice of analyzing feasible information retrieval methods with-
out adequate cost analysis techniques. He concludes that if the in-

creasing volume of engineering and scientific material is to be handled

economically, more efficient systems will have to be discovered or the

handling costs will be prohibitive. However, if an objective analysis

’Simon M. Newman, "Economic Justification - Factors Establishing
System Costs," Information Retrieval Management, ed. Lowell H. Hattery
and Edward D. McCormick ZDetr01t Michigan: American Data Processing,
Inc., 1962), p. 118.

6Alex Peters, "Cost Accounting/Allocation," Technical Information
Center Administration, ed. Arthur W. Elias (Washington, D. C.: Spartan
Books, Inc., 1964), p. 104.

7Earl H. Langenbeck, "A Plan to Reduce Costs of Technical Library
Operations in the Department of Defense," American Documentation, XIII
(July, 1962), p. 295.
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of the various systems is to be accomplished, accurate cost data will
be mandatory.

Berul, in a research project performed for the Auerbach Corporation,
states that, "Very few information centers have adequate cost accounting
systems and, as a result, there is not much data available on the cost
of information center operations."8 Perry and Kent also assert that
information center expenses usually are treatéd as an overhead item since
present accounting methods are not appiicable for suéh an 6peration.9

Overmyer, a staff member at the Center for Documentation and
Commnication Research oleestern Reserve University, Suggests that,
"Despite its apparent importance, there has been very little.written in
the field of information retrieval which will answer the question, 'How

10

much does it cost?'" He concludes that the probable reason for this

is thatﬁvery few centers have cost accounting systems so there is nothing

to report.

Cost Control Applications

Dennis discusses the probléms connected with the financing of a

technical information center operated by General Electric Company.ll He

8Lawrence Berul, Information Storage and Retrieval - A State of the
Art Report (Philadelphia, Penn.: Auerbach Corporation, 193&.5, p. 7-1.

9Jameé W. Perry and Allen Kent, Tools for Machine Literature Searching
(New York: Interscience Publishers, Inc., 1958), p. 49.

101avahn Overmyer, "The Dollars and Cents of Basic Operations in In-
formation Retrieval," Information Retrieval in Action (Cleveland, Ohio:
The Press of Western Reserve University, 1963), p. 199.

llBernard K. Dennis, "Financing a Technical Information Center,"
Information Retrieval Management, ed. Lowell H. Hattery and Edward M.
McCormick (Detroit, Michigan: American Data Processing, Inc., 1962), p. 61.

Y



34

summarizes the problems by stating that, "To plan and direct the center's
programs and activities, one must be a professional in the technical
information handling field and a business manager at the same time."lz
The center's workload is forecast annually on the basis of expected
service activity, and a corresponding cost structure is established so
management can determine the required funding. A summary of the center's
cost structure reveals the heavy committment for labor costs since
salaries amounted to 55.7 per cent of the total operating costs in

1961. Other major cost items were data processing (11.5 per cent),
acquisitions (5.6 per cent),.overhead (12.2 per cent), and office
services (3.6 per cent).

Dennis suggests that a center has a distinct advantage if it can
sell its services directly to clientele since it will be able to broaden
its funding sources and not be limited to fiﬁancing as an overhead item.
The latter method may produce a precarious situation in times of a
"monetary squeeze" on the payt of the funding organization. Management
subsidy, direct sales within the company, and direct sales externally
are employed by the center, but the organization intends to ingrease the
proportion:of the latter two methods in the future. ﬁowever, Dennis
does not discuss whether or not cost accountingvmethods are utilized for
the determination of.realistic service costs a;ghough prices must be
designated in some manner for the direct sales. It appears that the
cost control measures for General Electric's center are applied only to
thce amount of the actual cost items, without any attempt to distribute

|
scientifically the expenses to the information services.

21pid., p. 75.
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Overmyer discusses the cost and operational experiences of the
American Society for Metals Documentation Service.13 The costs of
conducting two types of literature searches, bi-weekly (current aware-
ness) and retrospective, are examined. Each search is divided into
the following five steps for c§sting purposes:

1. Analyzing the question.

2. Structuring the questién in a Boolean algebraic form.

3. Automatic encoding and searching on the computer.

4. Reviewing the output of the system.

5. Transmitting answers to the subscribers.lh

The unit search costs were computed on the basis of a series of
average hourly rates applied to the labor hours recorded for the indi-
vidual searches. A portion of the engineer's salary, a charge for the
use of incidental equipment, and a share of overhead were included.
Jnit costs were determined for three categories of searches that differ
depending on the complexity of the problem involved. However, the
author does not disélose the criteria used to define the complexity, so
the élassification is limited for comparison with the performance of
other centers. Figures 2-1 and 2-2 illustrate the unit costs that were

calculated for retrospective and bi-weekly searches, respectively.

13LaVahn Overmyer "An Analysis of Output Costs and Procedures for
an Operational Searching Service," American Documentation, XIV (April,
1963), p. 123.

81bid., p. 126.
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Figure 2«1
Unit Retrospective Search Costs

Low complexity $105.31

Average complexity $129.18
High complexity $150.48
Figure 2=2

Unit Bi-weekly Search Costs

Low complexity $ 7.9
Average complexity $ 31.77
High complexity $ 53.07

Overmyer hypothesizes that a wide range of unit search costs is
inevitable due to the nature of the activity. Among the factors re-
sponsible for this variation are:

1. The complexity of the question and the structure required
to describe the request.

2. The number and distribution of "hits." (A hit is defined
as a relevant source of information.) ~

3. The number of tapes to be searched.15

Overmyer suggests that the uncertaintx cdncerning the number and
'cqmplexity of the searches requested from an information center creates .
a critical problem. The issue i; compounded by the fact that the labor
costs are relatively fixed duriné a particular time period. He summarizes
the resultvof this phenomenon in the following manner:

Obviously the ﬁotal_fixed costs will change very little
in relationship to the volume of work, but the fixed costs
per search will decrease as the number of questions to be

answered increases.

Personnel requirements loom as the greatest concern. We
cannot afford to be overstaffed, nor do we want to run the

151bid., p. 136.
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risk of wea%ening our service by a lack of well trained
personnel.l

Dougherty, head of the Acquisitions Department in the University
of North Carolina Library, conducted a study to evaluate the operéting
efficiency of the Chemical-Biological Coordination Center.l7 He admits
that accuraﬁe cost studies were nqt conducted so ;he analysis reveals
conflicting estimates. Retrieval costs were eétimated at $150 per re-
qﬁest, based on a proportional share of total operating costs. However,
the author does not discldse the costing technique involved‘or the costs
that are included in this unitary figure.

Berul conducted a study to compare the operating costs of two
unidéntified technicai informaiion centers.18 Only one of the centers has
a combuterized searching cépacity so a comp;rison of the two sets of -
service costs reveals Qide variations. However, the expenditures for
labor, reproduction, equipment rentals, postage, and administrative
charges are aoproximately equal. Another intefesting disclosure is the
fact that the labor costs for both centers comprise approximately 60 per
cent of the total operaping cost.s. This relationship compares closely
with the‘figure of 55.7 per cent that was disclosed by Dennis for
Genéral Electric's technical info?mation cénter. Consequently, both

studies reveal the heavy labor committment required to operate a center.

161bid., p. 126.

l7Richard M. Dougherty, "The Scope and Operating Efficiency of In-
formation Centers," College and Research Libraries, XXIV (January, 1964),
p. 7.

18

i

LaWI‘enCe Beml, 92. _C_i_t:., po 7-10
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Berul hypothesizes that the cost of information searching is
sensitive to several independent factors such as the timeliness of a
required response, the size and structure of the information file, the
complexity of the question, and the processing speed of the equi;uent.l9
Another interesting feature of Berul's analysis is his comparison of the
cost of a search of average complexity at the American Society for
Metals with the average cost of a retrospective search at the computerized
information center that he examined. The two figures compare favorably
since the former, as reported in the Overmyer article, amounted to $129
while the latter was $105. However, Berul does not define a measurement
of complexity, so both Qtudies are affected by the same deficiency.

Marrow and Snyderman describe a technique used by the Science Infor-
mation Exchange for ﬁhe distribﬁtion of computer storage and retrieval
costs in the information searching brocess.zo Computer activities are
grouped into three categories for costing purposes. Batched jobs are
performed wﬁen several searches ire executed concurrently during a
single pass through the information file, and the cost of each‘search is
computed by distributing the total computer time proportionately with
the number of subject terms identified. Single jobs are accomplished
when one search is performed at a time, and all of the computer costs
incurred are charged to the single job. The third category is mainte~
nance time which improves the qualit& and current staﬁus of the

i
191bid., p. 7-6.
2OHarvey Marrow and Martin Snyderman, Jr., "Cost Distribution and

Analysis in Computer Storage and Retrieval," American Documentation,
XVII (April, 1966), p. 89.




information file. Since these costs are incurred so the information

searching process operates efficiently, they must be charged to the

other two types of jobs.

The authors develop the following mathematical framework to use

for a systematic distribution of the computer costs:

l. T=B+S+M

where: T‘= total computer time
B = total computer time for batched jobs
S = totélrcomputér time for aingie runs
M = total computer time for maintenance
2. d=D/T ’ .
where: D = total computér costs for a time period
) d = average hourly computer cost for the period
3. CB = Bd = cost of running batched jobé

CH.—..

=]
—
il

n2:

il

Sd = cost of running single jobs
Md = cost of running maintenance
number of batched jobs

number of singlé Jjobs
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4. The maintenance couumter costs are distributed to the searches

in proportion
following:

CH=

5. Then

to the use of the file. To do so, Cy is divided into the

4(8585 éH ' Zaisi »

the adjusted unit cost for batched and single jobs is:



The authors hypothesize that the main advantage of this procedure
is that the adjusted unit costs are a function of the following independent
variables:

1. The total monthly computerhusage.

2. The ratio of the number of hours spent on maintenance,
batched, and single Jobs.

3. The number and type of batched and single jobs.21

Proposed Cost Control Concepts

Peters suggests that a cost accounting systeﬁ should provide the
management of a technical information center with three types of infor-
mation: (1) a quantitative evaluation of the work in progress; (2) data
tor cost control; (3) data for deciding such matters as changing the
price or dropping an unprofitable é.ctivity.22 He presents the framework
of a job order cost system which he believes is feasible for inférmation
retrieval. The costs incurred for each job are recorded on a job order
cost sheet which may be a computer print-out if the center has an
electronic data processing capacity. All direct materials and labdr |
traceable to a specific Job are recorded on the sheet, and éverhead is

applied to the job on the basis of a standard rate.

211bid., p. 94.

<2plex bPeters, op. cit., p.‘lO7.
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Each staff member records his work activity on a weekly time sheet
that is the source document for the labor charged to the Job order cost
sheets. An overhead rate is determined prior to the beginning of a
period by dividing the estimated overhead costs by the estimated activity,
and materials are recorded on requisition forms. When a Job is finished
and distributed to the client, & summatibn:of the three classes of
expenditures represents the total cost of that particular service. At
the end of each month, the expensés of the various jobs are transferred
to a monthly ledger which represents a summarized accounting of the
work performed by the center.

Peters summarizes the validity of cost control techniques for a
technical information center in the following way:

T believe that a technical information center should and

can be run financially like any research laboratory consider-

ed as a unit in a large research complex. From the point of

view of the control system and budget, there is no essential

difference between the functions of a technical information

service and those of a research laboratory, a management

consulting service, or an engineering consulting service.

Bryan and Carroll discuss various accounting and budgeting concepts
applicable in library 6perations.2h They suggest a fund accounting
system consisting of such records as a general ledger, payroll ledger,

fixed asset ledger, and cash receipts book.25 Each account in the general

¢

231bid., p. 104.

244, W. Bryan and B. W. Carroll, "Public Library Budgeting and
Accounting," Illinois Libraries, XXXXII (June, 1960), p. 384.

25The term, fund, is defined as, "A sum of money or other resources
segregated for carrying on specific activities or attaining certain ob-
Jectives, in accordance with special regulations, restrictions, or limita-
tions and constituting an independent fiscal and accounting entity."
National Committee on Governmental Accounting, Municipal Accounting and
Auditing, No. 14 (Chicago, I1l.: National Committee on Governmental
Accounting, 1951), p. 234.



ledger reflects the curreht status of the budgeted versus the actual
expenditures. ‘The other two ledgers are used to record the transactions
connected with the payment of wages and salaries as well as any invest-
ment in property, buildings, and equipment. The use of the control
system presents information for cost performance evaluation at the end
of a given time period and insures tha@ the funds appropriated for the
librafy are accounted for accurgtely. However, since the system is
oriented solely toward financia{ accounting, it does not facilitate the
distribution of costs to the services.

Nitechi presents two cost accounting forms designed to provide
"a simple guide to aid the libraries to determine the unit cost of
technical services of a library."26 However, the costs recorded on
these forms are estimated figures ratﬁer than amounts generated from
service cost measurement. The first form provides a classification of
the various direct costs such as professional salaries, clerical salaries,
and supplies based on their estiﬁated use in the ordering, cataloging,
and processing services. A more detailed functional breakdown within
these services also exists.

Such indirect costs as personnel overhead, depreciation, fentals,
maintenance, and miscellaneous expenses are distributed on the second
form. Since these items are indirect charges, the estimated amounts are
allocated only to the various departments (ordering, cataloging, and

processing) without any further ¢lassification.

26Andre Nitechi, "Cost Accounting Forms," Michigan Librarian,

XXIX (December, 1963), p. 19.
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Brutcher, et. al. attempt to integrate theoretically sound cost
accounting principles with the inforﬁation retrieval function.27 They
hypothesize that library budgeting, which has dominated past cost' con-
trol practice, is only as good as the basic costs upon which it is
established. They further suggest that the use of cost accounting is
mandatory for reliable cost information. - A comparison of an informa-
tion retrieval function and a typical business firm is made to defend
the use of cost accounting techniques in the former type of operation.

If we consider the functions‘qf a profit-making firm,

the operations consist of (1) acquiring the material, .

(2) processing the material, and (3) delivering the process-

ed material. In simpler terms, the main functions are

purchasing, production, and selling. The library also

performs such functions. In the library, these functions

are called acquisitions, cataloging, physical preparation, -

and circulation.<8

‘ Brutcher, et. al. conclude that generally accepted cost accounting
principles should be applicable in a library operation. Both process
'costing and job order costing are examined and shown to be appropriate
for particﬁlar library functions. Process costing is defined as a
‘technique by which the direct costs of material and labor as well as a
fair share of overhead costs are charged to various cost centers during
a specified time period.z9 Job order costing is a method through which
all of thé costs consumed during the production process are charged to

H

specific jobs. A

2Tconstance Brutcher, Glen Gessford, and Emmet Rixford, "Cost
Accounting for the Library," Library Resources and Technical Services,
VIII ( Fall, 1964), p. 413. -

281pid., p. 415.

291bid., p. 416.
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The authors develop a procéss costing framework with cost -centers
for ordering, cataloging, preparations, circulation, book selection,
reference, and literature searching. Once the total costs are accumu-
lated for a given time period, average unit costs are conputed’by
dividing the total by the productivity of the function. The computation
procedures of the average unit costs of the services performed in the

seven cost centers are illustrated in Figure 2-3.

Figure 2-3

Average Service Costs

Total ordering cost
Volumes ordered

1. Unit cost of ordering ==

Total cataloging cost

2. Unit cost of cataloging | = Volumes cataloged
3. Unit cost of preparations = Total preparations cost

Volumes processed

| . Cost loan - Total circulation cost
b 0% per foa Volumes loaned

. — Total selection cost
5. Cost per title selected : Titles selected
Total reference cost
Number of questions

6. Cost per reference question =

Total search costs

. Cost h -
7 ost per searc Number of searches

The authors admit that the biggest diaadvantage~of the process costing
technique is that differences in the service units are disregarded in the
averaging procéss as the costs afe not chargéd specifically to the re-
lated production. For example, Lhe cost of all literature searches per-
formed during a particular period would be the same even though the com-

plexity of the individual problems normally will cause varying unit

costs.
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Job order costing is recommended when the different service units-
are readily identifiable. anch unit is accounted for as a unique job,
and the usage of direct materials, iabor, and overhead is recorded on a
Job order cost sheet. When a job is finished, the total cost is calcu-
lated by summing all the césts that have been incurred either directly
or indirectly for that particular unit. The end res#lt is more nearly
precise than the average costs which are computed by process costing and
reveals any cost differehtials that exist. The authors suggest that
the literature searching, acquisition, and cataloging functions ‘are all
suitable for job costing. A hypothetical job costiﬁg model is developed
to illustrate the use of the method in a library operation.

Bourne and Ford developed‘a computer program that simulates the

expected operating costs of an information system.BO

The program con-
tains descriptions of the ope#éting performance, costs, and the inter- '
action of all the componerits of ; proposed information system. An in-
formation retrieval operation is' simulated over a specified time period
to determine the gequired equipment, personnel, and,operaﬁing costs.
The greatest advantage of the model is the fact that a complete informa-
tion system can be.analyzed without an actual investment in the process.
Such cost data as labor wage rates, equipment rpurchase or lease |
costs, supplics, and miscellaneous. expenses are determined for a pro-

posed information system. However, the authors admit that the reliability

of the simulation results is highly dependent on the selected cost figures.

.

3OCharles P. Bourne and Donald F. Ford, "Cost Analysis and Simula-
tion Procedures for the Evaluation of Large Information Systems,"
American Documentation, XV (April, 1964), p. 142.
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In the article, the cost information is based strictly on estimates so

a lack of valid data may restrict the model's effectiveness.

COST LITERATURE - RESEARCH AND DEVELOPMENT

Fundamental Concepts

Villers suggests that, "While it is desirable to give the research
people and their supervisors freedom of action, it makes sense only if
adequate recording shows that the time spent in one or another direction
has been within the expected limits."Bl An accurate recording of the
actual expenses consumed for the various research projects is necessary
to achieve this objective. However, the author strongly advocates that
the two extremes of labor cost control must be avoided due to the nature
of the work force.32 One adverse situation occurs when the engineers
and scientists are required to report the tiﬁe they "think" they have
- spent on various projects duringva given périod. The result is a cost
estimation system which is of marginal value for managerial purposes
because of the inexact nature of the cost data. The other extreme is to
require the research personnel to account for every minute for which they
are paid. The author believes that the latter approach may satisfy
the bookkeeping function, but will be a continual source of annoyance
for tﬁe staff. The most salient feature of this analysis is that a
particular operation should find a labor control system that generates

reliable cost information somewhere between the two exyrelos.

31Raylnond Villers, Research and Development: Planning and Control
(New York: Financial Executives Researcb-?oundation, Inc., i§3hs, p. 81.

321pid., p. 14k.
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McFadden contends that the unique nature of research work demands
a specialized accounting system.33 An efficient cost control system
must be realistic in terms of the operating conditions, yet it must
assist in the achievement of org:nizational goals by providing accurate
cost information. The author hypothesizes that the required specialized
accounting will necessitate a revision of generally accepted cost
‘ accounting principles.

Cértainly it is not possible to say to a scientist:

"Here are 'X' dollars. Within thirty days you must

discover a new drug to cure cancer, invent a telescope

which will employ no lenses, create an automobile to

Ind a choap and Fienbiral (ubstisete for asaniun. ok

p and plenti gubstitu or uranium.

Due to the uncertalnty of the research results, it is impossible to
establish reallstic standards through normal industrial engineerlng
methods. While management may bis able to eatimate realistically the
time and expenditures necessary for desired results, unfavorable
variances may be tolerated if their occurre;ce permits goal achievement.
Shillinglaw asserts that due to the lack of normal manufactufing cost
standards, the principal control technique is management's regulation
of the annual approprlation.35

Quinn conducted an extensive study of the research evaluation

36

systems used by several large industrial firms. The results indicate

33James A. McFadden, Jdr., "Cost Accountlng for a Research Laboratory,"
N.A.C.A. Bulletin, XXXII {(March, 1951), p. 823.

b1bid.

35Gordon Shiilinglaw, Cost Accounting - Analysis and Control
(Homewood, Illinois: Richard D. Irwin, Inc., 1961), p. 410.

36James B. Quinn, "Study of the Usefulness of Research and Development
Budgets," N.A.A. Bulletin, XL (September, 1958), p. 79.

4
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that research and development costs cannot be controlled strictly through
the use of a budget. The research budget is valuable mainly as a
technique for planning the estimated costs of the individual projects.
However, the author believes that the validity of the budgeting process
terminates with the planning phase since any attempt to measure actual
versus budgeted cost figures for control purposes is meaningless due to
the subjective evaluation of the research results. In most manufacturing
concerns, the units of output are well defined so such standards as
price, rate, and efficiency can be determined objectively. Quinn ex-
plains the fallacy of this approach for the research and development
function in the following way:
Analysis of variances from the budget, as ordinarily

practiced in accounting, requires definition of the units

to be produced and development of a predetermined cost

standard for each unit. Unfortunately, units of knowledge

output cannot be defined before the knowledge is obtained,

nor can the cost of producing an increment of new knowledge

be predicted accurately enough to allow the use of the pre-

diction of a cost standard.3

Horngren 1lists the following factors as being "peculiar" charac-

teristics of research and development accounting:

1. The over-all amount to be spent is appropriated by
top management much as is done for advertising.

2. The details of execution are in the hands of the re-
search director, who necessarily must be a manager, an in-
dividual who sees that his personnel work effectively. This
effectiveness is difficult to measure but is essential for a
successful research program. Put another way, research must
be managed, and yet research workers need a stimulating, un-
fettered environment accompanied by a minimum of red tape.

3. The central problem in appraising research performance
is measuring effectiveness and benefit. 8

371bid., p. 84.

38Charles T. Horngren, Cost Accounting - A Managerial Emphasis
(2nd ed.; Englewood Cliffs, New Jersey: Prentice-Hall, Inc., 1967), p. 389.
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In another article, McFadden asserts that cost control of résearch
and development is restricted by the lack ‘of certainty concerning the
39

research results. He suggests that the benefits from the various
projects actually may increase with the passage of time as more knowledge
is collected. Standard accounting methods, with an emphasis on cost
comparisons by individual project, do not contribute useful management
information because of the uﬁcertainty related to the quality of the
final product.

Harbrecht advbcaies a different role for the accounting function
in the research and development process.ho He suggests that the
accountant's job is to provide the appropriate financial information,
without even attempting to judge the effectivenegs of the projects by
Vthe cost variances. Management has the responsibility to compare the
actual versus budgeted cost relationship with a critical analysis of
the quality of the research results. When the two’aspects are evaluated
simultaneously, management has a objective criteria with which to
‘appraise the effectiveness of the research process. Harbrecht's approach
minimizes the problem mentibned by other authors concerning the true
meaning of unfavorable cost variances. If the project results are con-
sidéred vgluable enough, aﬁy unfavorable variances may be worthwhile.

McFadden also states that, "Whether or not it is possible to plan

industrial research is perhaps the most controversial 6f all the

39Jam.es A. McFadden, Jr., "New Concepts of Information for Manage-
ment Decisions - Research and Development," N.A.A. Bulletin, XL
(August, 1959), p. 19.

AORobert F. Harbrecht, "Designing a System for Control of Research
Cost," N.A.A. Bulletin, XLV (June, 1964), p. 3.
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management questions facing modérn industry."hl Nevertheless, he believes
that the proper planning of reséarch expenditures is mandatory if a
business is to survive in the technically advanced business world. The
cost control procedures, however, should differ considerably from those
employed in other types of business endeavor due to the fixed labor cost
factor which McFadden summarigzes in the following manner:

With the shortage of scientific personnel in this country,

the problem is to find adequate talent to staff the research

effort. This element of cost, therefore, in the aggregate

cannot fluctuate appreciably during a normal fiscal period.hz

Since the fixed labor costs dominate the total cost stfﬁcture,
the primary control technique is one of forecasting the number of
research personnel necessary for the established objectives and comparing
the actual usage with the targeés. The main benefit of such a system is
that management dictates which projeets and scientific problems will be
worked on and then analyzes the relationships of the actual versus
budgeted costs of the jobs.

McFadden also believes that‘a fundamental difference in objectives
may limit the use of the control system. Management normally is profit-
motivated in terms of goal achievement. However, the researchers often
are concerned primarily with such factors as professional recognition
and intellectual freedom. Changes in personal attitudes, business
rhilosophies, and measurement cr?teria are necessary to reconcile the

opposing objectives.hB Otherwise, rigid cost control may be achieved at

hlJames A. McFadden, Jr., "Industrial Research Must Be Planned and
Controlled," The Controller, XXIX (November, 1961), p. 527.

b21bid., p. 529.

431bid., p. 531.
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the expense of the technical quality of the research results or, con-
versely, a completely control-free operation may achieve satisfactory

research objectives but at a prchibitive cost level.

Research and Development Cost Accounting

Research and development costs can be classified several ways,
depending on the use of the infcrmation.hh Among the possible groupings
are the nature of the expense, research activity, responsibility, project,
or product. When the costs are classified according to the nature of
the expense, such items as salaries, supplies, materials, and équipment
expenditures are presented in detail. Accounting for research costs by
work activity enables management to measure the cost of operating a
particular department.

When the expenditures are classified by responsibility, the manager
who is accountable for the research results of a particular cost center
also is responsible for the controllable costs incurred in the operation.
Classification by project can be accomplished through a project cost
card that discloses the actual versus estimated costs of an individual
Job. Product classification prosides an analysis of the amount of
research effort being exerted for the various products.

McFadden asserts that a job order or project order cost system
usually is utilized for research and development cost corrl:.rol.l‘5 All of

the direct costs such as labor, materials, supplies, technical services,

“hAccountants' Cost Handbook, ed. Robert I. Dickey (2nd ed.; New
York: The Ronald Press Company, 1960), p. 2-7.

b5 5 ames A. McFadden, Jr., "Cost Accounting for a Research
Laboratory," N.A.C.A. Bulletin, XXXII (March, 1951), p. 824.
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professional services, traveling expenses, and equipment costs are

charged to the appropriate projects as they are incurred. The indirect

costs are distributed on the basis of a predetermined overhead rate which

is applied to a realistic activity basis. All of the costs are recorded

on a project cost sheet, one of which is established for each research job.
The research personnel register their activity on a monthly time

sheet according to the hours wo;ked on the various jobs, and an average

hourly cost is determined each month for every employee by dividing the

number of hours worked into the monthly salary. The average rate is used

to distribute the individual's salary to the research projects performed .
during the month. The averaging procedure and the monthly time sheet
obviously represent a departure from the rigid control system used in
most manufacturing operations, but once again the accounting process is
justified by the nature of the ﬁérsonnel.
McFadden proposes the following set of cost reports which are de-
signed to provide a scientist with cost information that he can under-

stand and use intelligently:

1. A cost summary on a current month and year-to-date basis,
expressed in numerical characters, of all the projects
embodied in the research.

2. Summary of the same year-to-date costs and appropriations,
expressed in chart or graphic {orm.

3. The various costs, in chronological sequence, incurred
on a particular project.

L. The same information as that presented in number 3 except
that the cost elements are charted since this form of presenta-
tion is more easily understood by scientific personnel.

Lb1bid., p. 836.
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Villers describes a research labor reporting system that requires

kT e

an hourly increment as the smallest unit of measurement.
scientists record their time on a weekly time sheet'which the author
believes generates sufficignt precision, yet does not demand minute de-
tail. The costs recorded on the time sheets are charged along with
materials and overhead toAthe correspondiné research projects. Pbriodic
financial reports‘provide the responsible managers with detailed informa-
tion concefning the costs of their prbjecta,'and the exact timing and
nature of these statements will be a function of a particular»organizﬁ-
tion's requirements. |

A similar system is proposed by Harbrécht who hypothesizes that
rthe cost control function should accomplish the following objectives:
| 1. The assignment of responsibility for all costs.
2. Authorization of all work before it is started.

3. Estimated and budgeted time and cost for each phase
of the research projects.

4. Cost reports that show a comparison of actual and
: budgeted costs. C

5. Charging of all research department personnel to work
order numbers for research projects.

6. Charging of all other research costs directly to the
projects or to an overhead account.

7. Allocating a share of the overhead costs to the pro-
' Jects on some reasonable basis.

8. Reports for management that are designed to help achieve
the objectives of the research program. ‘

4TRaymond Villers, op. cit., p. k5.

“8Robert F. Harbrecht, op. cit., p. ke
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In order to accomplish these goals, Harbrecht recommends a project
cost system in which cost centers are established throughout the research
department. A work order number is assigned to each phase of the research
projects and, whenever possible, the costs are charged directly to the
work orders and cost center accounts. The indirect costs consumed during
the operation are charged to overhead accounts, one of which is established
for each coat center. A predetérmined rate is utilized to distribute the
indirect costs to the projects in a manner analogous to normal manuf acturing
overhead application. Since labor represents the largest cost element in
most cases, a reliable time repﬁrting system is mandatory, and Harbrecht
suggests that the exact nature 6f the time card will be a function of a
particular firm's requirements and capacity. Many companies utilize
weekly or monthly labor reporting, but daily time records may be necessary

in cases where rigid labor control is compulsony.h9

Additional R & D Cost Control Applications

Carlisle characterizes cost systems for research and development
as "more flexible, more effective in extracting management-oriented
cost information from extremely complex situations, and more comprehen—
sive in assimilating and synthesizing the vast amount of cost data con-
nected with these projects."50 He offers.a cost system that has two
basic characteristics: (1) It is a project cost system; (2) Cost centers

are organized throughout the research department.

L91bid., p. 6.

5OHoward M. Carlisle, "Cost Accounting for Advanced Technology Pro-
grams," The Accounting Review, X1I (January, 1966), p. 117.
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Cost codes are established on the basis of the work increments
performed for each research project, and a responsibility accounting
framework is utilized to achieve cost performance reporting in tﬁg
organization. All costs related to the various work activities are
charged to the appropriate cost center as well ‘as a specific project.
The source documents which confiym thé different cost transactions are
the traditional type found in ma wfacturing operations (Examples are
labor time tickets and material fequisitions).

Uniform cost codes should be established, whenever possible, so
cost comparisons of the various projects can be performed effectively.
However, the system should be flexible enough to provide the required
cost control for any special projects undertaken by the.organization.
Carlisle concludes that the R & D cost system will be beneficial to
management for cost identification and collection, performance evalua-
tion, and cQst control.SJ

Pflieger presents a cost ledger system that is designed to account
for sponsored research contracts.52 A work order number is assigned to
each research project, and the costs incurred during a period are traced

to the related job. Once again, cost centers are established, and a

]
'

shop order cost ledger is utilizéd in each center to record the expenses
of the individual research projects. At the end of every month, the

billable costs of each project, determined by the terms of the research

>l1pid., p. 119.

§2John H. Pflieger, "Control Accounting for Sponsored Research Con-
tracts,” N.A.A. Bulletin, XXXIX (March, 1958), p. 77.
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agreement, are charged to a cost of sales account and credited to the
appropriate cost center. The cost of sales account reflects the current
status of the expenses incurred for all chargeable projects. The cost

of any services performed by one organizational function for another cost
center also is charged to the latter operation. The author suggests

that cost performance efficiency is measured by the difference between
the total costs of an individual cost center and the amount charged as
billable costs.

A general ledger is organized on a responsibility accounting basis
with a set of credit and expensetaccounts for each cost center. Since
the individual centers are charg:d for all the labor, material, and
overhead consumed during the operation and credited for the billable
charges and work performed for other functions, a profit and loss state-
ment can be prepared from the control ledger account. Such managerial
functions as work load distribution and efficiency analysis are assisted
by the profit and loss information which is generated for each cost
center. |

Schmieg describes a flexible budget that is similar tohone used to
control overhead costs in regular manufacturing operations (8ee Exhibit
VIII for an example of a flexible budget).s3 Since management cannot
predict accurately the annual research volume, the use of a fixed budget
for overhead application may prodﬁce wide discrepancies. A flexible

budget should minimize such prob..ems since it can be adjusted for changes

'
534. J. Schmieg, "Control of Overhead with a Variable Budget in a
Research Operation," N.A.A. Bulletin, XL (August, 1959), p. 45.
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in volume, and overhead objectives, at any activity level, are reflected
realistically in the budget. Schmieg explains the procedure in the

following way:

In a research and develotment operation, the overhead

expenses are incurred solely as a result of supporting direct

engineering effort on all current projects. This application

of direct labor effort depepds on technical objectives and

schedule end dates, both of which are subject to change at

any time. In short, the variable type of budgets will not

only provide an insight into how overhead expenditures react

under extreme fluctuations of volume, but will also assure

constant and consistent control under changing conditions. %

A predetermined overhead rate is selected from the flexible budget
for the number of direct labor hours expected to be employed in the
" research function during a specified period.  The rate is applied to
each recorded direct labor hour so that overhead is charged to the pro-
Jects. Monthly indirect expense reports, showing any variation between
the actual and budgeted overhead, are used by management for control
purposes. The resulting overhead variances are identical to the type

¥

calculated in a traditional cost accounting system. For example, a
two variance analysis can be used to divide the total overhead variation,
for explanatory purposes, into a budget and volume variance. The budget
proportion is computed by relating the budgeted costs at the attained
research activity level with the actual overhead expenses. The volume
variance is calculated by comparing the budgeted overhead at the attained
level of operations with the amount applied through the predetermined

rate. - Corrective action can be taken, whenever necessary, by the research

director to determine the cause of unfavorable variances.

Sh1bid., p.. 46.
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Gauss reports on the system used by the Upjohn Company to control
the cost performance of several research departncnts.55 Each project
is assigned a code number when it is approved, and the research personnel
register an approximate accounting of their work on a monthly time card.
The cost sheets are recapitulated at the end of each month, and per-
centages of time expended for the various projects are used to distribute
the total labor. Purchase requisitions are employed to charge materials
directly to the projects, and overhead is distributed on the basis of
the manpower assigned to each Jos. A monthly report is issued to pro-
vide management with a detalled analysis of the costs of each research

project.

CRITIQUE OF THE LITERATURE

Scope
The limited body of literature that was considered potentially

relevant for the design of a feasible cost system is reviewed in detail
in the preceding sections of this chapter. The two main subsets of the
literary work are the cost control concepts of information retrieval

and those of the research and development function. The purpose of the
final section is to summarize the pertinent results and limitations of

the review in relation to the objective of this study.

55D. B. Gauss, "Reporting Departmental Costs of Research Projects,"
N.A.A. Bulletin, XL (September, 1958), p. 32.
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Pertinent Results.

An overwhelming majority of the authors believe that cost control

in a technical information center is esseptial. Furthérmore, several of
the writers opine that a center should be operated as a business enter-
prise with the usual applications of managerial cost information. Com-
parisons of information éenters with other service functions that employ
cost control techniques support these beliefs. For example, the research
and development cost literature indicates that requiring scientific
personnel to record their work activity is realistic and justifiable as
long as a preoccupation for minute detail does not dominate the procedure.
A1l of the suggested cost sy;tems include a labor time sheet that is
used to record an objective élassification of the research work. The
proper form of labor reporting is shown to be a critical feature due to
the large portion of labor costs required fqr such operations. Also, due
to the character and scarcity of scientific personnel, the labor costs
are relatively fixed since the labor force cannot be varied in proportion
to service volume. Cost and operational information i$ mandatory if
personnel requirements are to be forecast efficiently.

| Most of the gystems that are discussed contain the capacity to
charge the costs to the appropriate service activity as well as the
proper cost center. As a result, product costing aﬁd responsibility
accounting are accomplished simultaneously. Another interesting feature
is the utilization of either job order or process costing. Both techniques
appear applicable for information retrieval costing, depending on the

nature of the service.’ The product costs always are direct materials,
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direct labor, and overhead. Most authors suggest charging the first two
costs directly to the services and allocating the overhead on the basis
of a predetermined rate. |

"Also, the emphasis in R & L accounting is on the comparison of
budgeted and actual costs. Project costs are forecast at the time of
approval and the actual costs are accumulated for each job through a
project cost system which is a form of job order costing. Periodic
reports enable management to analyze any cost variances.

A1l of these characteristics are based on sound cost accounting
theory and parallel those used ia most mamufacturing concerns. As a
result, it appears that cost acc;unting for a technical information
center will not require a completely new cost accounting philosophy, but
merely a revision and alteration of generally accepted cost accounting

principles.

Limitations

The predominance of cost estimation in the information retrieval
field creates the most serious limitation found in the literature.
While the need for actual cost measurement is recognized repeatedly, it
seldom is attempted. Also, in those studies in which service cost data
are presented, the authors fail to reveal the cost philosophy and
techniques that are employed. The result is an inability to generalise
concerning the costs of operating a iechnical information center. For
example, several unit retrospective search costs are mentioned that
appear to be approximately the same. However, one must be cautious in
drawing this conclusion without information concerning the methodological

approach used by the different centers in calculating the unit costs.
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Until several centers-—-using a similar costing philosophy-——reveal their
cost accounting experiences, the limitation will continue to handicap
the ability to generalise fegarding information service costs. -

Another limitation is the fact that none of the authors actually
suggest a complete cost accounting system that could be installed and
be functionally operational in a technical iﬁfomtion center. Instead,
they are concerned with more limited conéepts such as the type of
relevant information, costing philosophies, source documents, reports,
or records. None of the 1iterat‘ure feviewed attempts to integrate the
current state of appropriate cost accounting concepts into an effective
system.

Also, the uncertainty pertaining to the quality of the research
results exemplifies a problem that also is prevalent for cost control in
a technical information center. This issue has _constraine& R & D cost
accounting from becoming as effective as the cost procedures employed
in regular manﬁfac_turing where a well defined production quality level
usually exists. When the quality level is known and fixed, cost
variances provide an objective measure of operating efficiency. Even
if the information retrieval process is operating efficiently, un-
certainty still exists as to the. client's benefits from the final
product. However, as is suggestéd by several authors, the uncertainty
of production quality should not, prohibit the use of a cost systei for
such functions, but should only )qualify the use of any variances between
actual and budgeted costs. If an efficiency measurement of the informa-
tion retrieval operation is deai{red, the costs and the quality of the
final product must be evaluated simultaneously, as was suggested for

the research and development function.
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CHAPTER 3
MANAGERIAL COST ACCOUNTING CONCEPTS

INTRODUCTION

The research questionnaire survey presented in Exhibit II and an
analysis of the literature review chapter disclose numerous perceptions
of cost procedures for information retrieval operations. The purpose of
this and the two succeeding chapters is to extend the conceptual frame-
work into a computerized managerial cost accounting system which this
author proposes is appropriate for a NASA Regional Dissemination Center.
It is assumed that the centers already possess a financial accounting
capability, sufficient to record and disburse such expenditures as pay-
roll, computer time, travel, equipment rental, and supplies. An objective
distribution of these expenses to the information services or the time
period is achieved with the proposed cost accounting system, the records
of which are controlled by and subsidiary to the financial accounting
system. Consequently, the proposed managerial cost accounting system is
designed as a subset of the overall accounting effort. Essentially the sane
principles and procedures are valid, however, if management elects to
operate the cost system independent of the general financial accounting
system.

Neuner and Frumer state that a cost accounting system "is made up of
a series of feorms, journals, ledgers, accounting entries, and manage-
ment reports integrated into an efficient series of procedures so that

unit costs can be determined prdnptly and used in managerial decisions."t

ljohn J. W. Neuner and SamuLl Frumer, Cost Accounting - Principles and
Practice (7th ed.; Homewood, Illinois: Richard D. Irwin, Inc., 193§§, . 8.
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In the present chapter, the essential components of the system and

the related cost acecounting techniques are developed. Specific examples
of the necessary forms and records are utilized for illustrative
purposes only since, in most cases, they have no unique content. The
managerial framework shown in Figure l-1 represents the basic foundation
of the system, the major objective of which is to provide management
with relevant and timely cost information for planning, controlling,

and decision-making purposes. Matz, et. al. suggest that cost accounting

in general is charged with the responsibility for:

1. Determining costs and p.rofit for an accounting period.

2. Creating inventory values for costing and pricing purposes
and, at times, controlling physical quantities.

3. Aiding and participating in the creation and execution of
budgets.

4. Establishing methods and procedures that permit control and,
if possible, reduction or improvement of costs.

5. Providing management with information in connection with
problems that involve choice from among two_or more
alternative courses (analytical processes).

A thorough discussion of the actual utilization of the managerial

cost accounting system for service cost measurement is deferred to the
following two chapters. Chapter 4 contains an explanation of the pro~
cedures used to record and proce?ss all costs accompanying the Retro-

spective Search Service. In Chapter 5, the techniques associated with

the Selective Dissemination Service are developed.

2Adol;h Matz, Othel J. Curr7, and George W. Frank, Cost Accounting
(4th ed.; Cincinnati, Ohio: South-Western Publishing Company, 1967),
p. 13.
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The model system was operated at the Aerospace Research Applica-
tions Center (ARAC) to test the service cost data for consistency between
monthly periods. An analysis of variance model, which was used to test
the differences between the monthly average search costs of the trial
period, also is presented in this chapter. The results of the test

period are disclosed in Exhibit I1I, Appendix IV.

RESPONSIBILITY ACCOUNTING

Basic Concepts

Responsibility accounting provides a mechanism by which the con-
trollable costs of a NASA Center not only are charged to the related
information service but also are traced to the persd; accountable for the
performance of the work aétivity. A center's organizational structure
is divided into a group of responsibility units, commonly referred to as
cost centers. The National Asso>iation of Accountants defines a
responsibility unit as, "an organizational unit engaged in the performance
of a single function or a group of closely related functions having a
single head accountable for the activities of the unit."3 éhillinglaw
suggests that a responsibility unit may be a department, a section of a
department, or even a group of departments.h

The mosat critical feature of responsibility accdunting is a well-

defined organization in which each responsible person knows what is

3National Association of Accountants (formerly National Association'
of Cost Accountants), "The Analysis of Manufacturing Cost Variances,"
N.A.C.A. Bulletin, XXXIII (August, 1952), p. 1549.

hGordon Shillinglaw, Cost Accounting - Analysis and Control (Home-
wood, Illinois: Richard D. Irwin, Inc., 1961), p. 37.



65

expected of him and possesses the authority to accomplish his objectives.‘
Cost centers are established to coincide with the organizational
structure, and each manager responsible for a given work activity also

is accountable for the related éontrollable costs. Horngren defines the
controllable costs as those items that may be directly regulated or in-
fluenced by a responsible manager during a given time period.5 The
responsibility accounting concept is extended up through a center's chain
of command, and managers who maintain authority over the work activity of
subordinate cost centers also are responsible for their controllable

cost performance.

The most feasible division of a given NASA Center into a set of cost
centers depends on such factors as size, services, capacity, operating
vrocedures, and organization. For example, Figure 3-1 shows the responsi-
bility units organized for the trial application of the managerial cost

accounting system at ARAC. Cost centers are established for the four

Figure 3=1
Responsibility Accounting Organization
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5Charles T. Horngren, Cost ;iccounting - A Managerial Emphasis (2nd
ed.; Englewood Cliffs, New Jersey: Prentice-Hall, Inc., 1967), p. 273.
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major functions of the information production process——engineering,
clerical, reproduction, and cpméuter. The assistant manager responsible
for a given section's work performance is charged with the cost center's
controllable costs consumed during a monthly period. Since the manager
of operations is accountable for the job performance of the four sections,

he also is answerable for £he controllable costs of the subordinate

responsibility units as well as those incurred in his own cost center.

Budgeted Cost Targets

Cost targets are established by estimating the consumer démand for
the information services Auring a given period and converting these data
into budgeted costs as described below. Service activity is forecast on
the basis of management's evaluation of such factors as past performance,
current clientele acceptance, the'number of customers, general economic
conditions, and service acceptance trends. Fofecasting the magnitude and
assbrtment of information'seryiEes provides an objective basis for planning
the rroducticn resources required for the selected activity volume. Past
information from the cost accounting system can be utilized effectively
to predict the requirements for such resources as manpower, supplies,
computér time, travel, and equipment. The.budgeted quantities are
established as the cost performénce targets of the managers responsible

for the related cost centers.

Cost Performance Information
The managerial cost accounting system“generates é monthly computer
prinﬁout which indicates the actual cost .performance of each responsibility

I
unit. Cost data are summarized and presented in a monthly performance
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report that reveals a comparison of the actual and budgeted costs for
each cost center. The budgeted costs represent the targets forecast for
the expected service activity volume during the planning stage of the
operation., If the actual cost performance relates unfavorably with the
predetermined targets, managerial action is required to determine the
cause of the variance. The monthly performance report is designed to
emphasize any deviations from the budgeted costs. (See Exhibit XI for
an example of such a report.) Consequently, cost control is achieved
throughout a technical information center on the basis of management by
exception which Anthony describes as follows:

A management control system operated on the exception

principle is one in which management's attention is focused

on the relatively small number of items in which actual

rerformance is significantly different from the standard.

when this is done, little or no attention need be given

the relatively large number of situations where performance

is satisfactory.

In a sense, cost performance data are more essential for a success-
ful operation in a NASA Center taan that of a typical business firm
which employs the responsibility accounting concept to measure deviations
from a predetermined profit plan. The financial breakeven objective of
a NASA Center prevents the possibility of absorbing adverse operating
cost performances with a share of the profit margin or prior years'
accumulated earnings. Instead, an operating deficit will result when
actual expenses exceed those budgeted since costs provide the most

objective basis for prices and révenues must be equal to costs for long=-

run survival. Management of a NASA Center must estimate future costs

6Rober‘t N. Anthony, Managemsnt Accounting (3rd ed.; Homewood,
T1linois: Richard D. Irwin, Inc., 196L4), p. 373.
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accurateiy and insure that a sufficient amount of revenue will be
available. Historical cost} dati are projected to the expected future
service volume during tfxe planning process for a given year, and the
service prices should be calculated to cover all operating costs. The
essential features of a proposed pricing policy are discussed in a later
section of this chapter. If the actual cost performance relates favorably
with the budgeted figures, the Breakeven objective of a NASA Center
should be accomplished. 'However, uni‘avlprable cost variances must be
investigated immediately to avoid the possibility of incurring an
operating deficit. The responsibility accounting process provides a con-
tinuous and timely procedure for detecting potentially unfavorable cost

performances.

COST ELEMENTS AND MEASUREMENT

General Nature

The purpose of this section is to describe the most essential cost
elements incurred by a typical NASA Center and the fundamental accounting
procedures employed to accumulate, for computerized data processing, the
expenses related to the information segrch‘ing operation. In the following
section, a computerized mechanism is developed through which the cost
data can oSe processed and reported. so the cost ‘accunulation methods must
be designed fco provide efficient’input devices to the electronic data
processing function. |

‘i‘he total operating costs of a NASA Center can be dichotomized into

two main segments, service and nonservice costs. The costs consumed

during the information productior process represent the service costs
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since they are charged, either directly or indirectly, to the final
products. Most of the cost accounting concepts developed in this study
are directed toward objective service cost accumlation, processing,
and reporting procedures. The second major cost classification is that
of the selling and administrative functions. Formal cost accounting
techniques are not employed to relate the nonservice expenditures to a
work activity measure due to their nature, but they must be included in
the study because of their relative magnitude and corresponding impact

on the cost basis of service prices.

Direct Labor

Direct labor refers to the work elements employed during the in-
formation production process that can be traced realistically and
economically to the services. The primary labor expense is the engineering
function which is responsible for designing an appropriate search strategy
and evaluating the information citations identified by the computer.
Assistance is provided the engineers by other labor such as clerical,
reproduction, and computer. In many cases, the nonengineering work can
be traced to specific information services, and if it represents a
significant cost item it should ;e recorded as direct labor. Consequently,
direct labor reflects the segment of the work performance that is an
integral part of the information products.

Work activity that cannot be associated realistically with the
services should be classified as indirect labor for reporting purposes.
Supervisory work, attendance at reetings, maintenance, reading by the
engineers to update their current awareness of the literature, idle

. . . | < as
time, and janitorial labor are examples of the indirect category.
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A variety of recording procedures are possible for the labor
reporting function at the source of the work activity, ranging from a
simplified labor time ticket to a sophisticated computerized reporting
7

system.’ The choice of & feasiblg procedure depends on the required
detail and accuracy of the labor data. The primary objective of time
reporting in a NASA Center, for purposes of this study, is to achieve a
feasible balance between realiat}icv cost data and the possibility of a
burdensome reporting function. It is hypothesized from the literature
review and research questionnaire survey that a daily increment pro-
vides sufficiently accurate detail without unduly annoying the engineering

stafrf.B

A daily time ticket that sl{oul_d provide an efficient and economical
accounting of the labor performance is illustrated in Exhibit IV. The
form has the advantage of showing a complete description of an employee's
daily work performance, and furnishes sufficient detail for the com-
puterized data processing function qf the cost system to print an
exacting classification of the reported‘ labor performance for each cost
center. The essential features of the time reporting record are the
individual's name, date, cost cc;nter, s§t of cost vcodes, and time scale.
A coding system is used to identify the various work activities of the
information center, and the employees Simply line across the sheet when

they begin a different job. The work activity coding system employed for

7See.- the following reference for a detailed description of a range
of labor reporting techniques: John J. W. Neuner and Samuel Frumer,
op. cit., p. 171.

Sme opinions of several managers of NASA Centers who were inter—
viewed during the research stage of this study support the proposal of
a daily labor reporting systenm.
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the test period at ARAC is illuutrated in Appendix I. The electronic
data processing function performs the essential operations for a
sumnarization, classification and presentation of the relevant labor
cost information so the human inputslto the system are minimal. The
computer charges the direct labor costs reported on the time tickets to
the related information services and the indirect expenses to overhead

accounts.

Direct Sundry Expenses

The term "direct sundry expenses" is used in this study to define
a variety of service costs incurred in a typical NASA Center. These
costs compose a major portion of the total operating expenses, and when
they can be identified with specific services they should be treated as
direct service costs. The most essential items are computer time,
telephone calls, reproduction costs, and travel. In a typical mamu-
facturing firm, the incurrence of such expenses normally would be treated
as overhead without attempting to charge the items to the products since
they are miscellaneous costs in relation to the overall production pro-
cess. The importance of the expenses in an information searching
operation, however, demands their treatment as direct service charges if
accurate unit costs are to be attained.

Several source documents are necessary to record the direct sundry
expenses as they are consumed during the operation. Examples of the
records used to accumlate such gosts during the test period at ARAC are

discussed in this section. A prbduction work order, shown in Exhibit Vv

performs a dual function for the reproduction operation as it represents
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the source document through which the costs are charged to the services
and also furnishes an efficient work scheduling device. Examples of the
reproduction charges are equipment renta_l costs and copying supplies.
The reproduction operation is analogous to a manufacturing Job shop which
functions as a mechanized assembly line so the work order form should
minimize the possibility of queueing problems in the sequential usage of
the equipment. |

Computer time represents a major expenditure for a NASA Center so
an objective distribution to the services is »euential. The total computer
time can be divided, for recordi”'ng purposes, into the direct and indirect
segments. The former element is incurred to search the information file
for relevant citations for both the Retrospeetiﬁ Search Service and the
Selective Dissemination Service. The other segment of computer time
is required for maintenance .and developﬂent purposes in the information
retrieval system. A computer progr‘an, presented in Appendix II, pro-
vides 't.he bnecessary operating instructions for the machine to record
the time required for the various runs of a given month. A set of codes
should be established for_the dif"ferent types of computer operations
employed by a center, and the machine will record the time spent on the
different jobs coﬁmrrently with their performance. |

long distance telephone calls usually are .required to clarify the
exact nature of an information request submitted by a client. A form
such as the one illustrated in Exhibit VI provides a detailed record of
the reason for each callpahd.rurniahés the necessary information for
charging the related costs to t.hg services or to operations overhead.

Travel expenses often are incurred as the engineers interrelate with
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clientele. Whenever the travel is related to a specific service, it
should be charged accordingly. A travel voucher such as the one. shown
in Exhibit VII supplies the necessary information for the costing pro-
cess.

All of the source documents suggested in this section are designed
to facilitate computerized data processing. The source information is
accumulated on a monthly basis and transferred to punched cards as in-
puts to the computer. A computer program, which is discussed in a later
section, provides the necessary operating instructions to the machine for
an objective classification and distribution to the information services.
The result of the process is a éﬁnthly computer printout which identifies
the direct sundry expenses consumed during the period for the information .
services. The exact classification of the costs by service on the com-
puter printout depends on whether job order or process costing is
employed during the production process. The costing methods utilized for
the Retrospective Search Service and Selective Dissemination Service are

described in Chapters 4 and 5, respectively.

Operations QOverhead

All indirect service costs are included in the operations overhead
classification which comprises such items as depreciation, rent, indirect
labor, idle time, staff meetings, engineer reading of the curreht
literature, supervision, insuran#e, and postage. Anthony describes the
justification for an overhead ca;egory as follows:

Some costs are classified as overhead because it is

impossible to associate them with products. Who can say
how much of building depreciation or of a factory




T4

superintendent's salary actually belongs to each unit of

product manufactured? Other costs are classified as over-

head because it is not convenient to trace them direstly to

products, even though it yould be possible to do so.

Despite the fact that t.h§ dperations overhead costs cannot be
associated directly with the prcduction process, a reasonable portion
must be charged to the information services for the calculation of
realistic search costs. The use of a predetermined overhead rate calcu-
lated from the forecast service activity level of a flexible overhead
budget provides an objective tecdhnique vfor the distribution of the in-
direct costs. A work activity measure such as direct labor cost, direct
labor hours, or service units is selected as the basis of a flexible
budget which consists of a series of overhead budgets for varying service
volumes. The flexible budget concept adjusts for the fact that a portion
of total overhead is a variable cost which changes in proportion to the
work activity. The anticipated service activity is forecast for an
annual period, and the corresponding budget level is utiligzed for the
selection of a predetermined overhegd ;bphcation rate.

The choice of a realistic service activity level is extremsly
critical since the predetermined rate will vary as the fixed overhead

costs are distributed over different volumes. An abbreviated segment of

a flexible budget is shown in Figure 3-2 to illustrate this relationship.

Figuré 3=2
Flexible Operations Overhead Budget
Direct Labor Costs - $ 80,000 $100,000 . $120,000
Variable Operations Overhead 160,000 200,000 240,000
Fixed Operations Overhead 200,000 200,000 200,000
Total Operations Overhead 3@,000 400,000 440,000
Predetermined Rate $ 4.50 $ 4.00 $ 3.67

FRobert N. Anthony, op. cit., p. 426.
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Horngren suggests that the normal activity represents a satisfactory
prediction of capacity utilization since it refers to the average con=-
sumer demand‘over a span of time long enough to reflect expected

seasonal, cyclical, and trend faptors.lo The use of the same rate over

a lengthy time period (normally ﬁ year) eliminates many deviations in

unit costs from variations in service activity or total overhead expenses.
As is mentioned in Chapter 1, the fixed cost committment of a NASA Center
creates a basic need for a stabilizing process. When the service activity
is less than that forecast for the establishment of the work force level,
increased indirect labor expensé; will result, thus changing the unit

cost if the actual overhead is allocated to the actual service volume.

The use of the predetermined rate from the flexible budget should minimize
the problem and stabilize the unit search costs from period to period.

A complete description of the procedures required for the calculation of

a rredetermined ovérhead rate and an illustration of a flexible budget

for a NASA Center are presented in Exhibit VIII. The computer program
utilized for the data processing function in the cost system has been
designed to instruct the machine to calculate the applied operations
overhead on the monthly cost performance printout. The predetermined rate
selected from the flexible budget}is recorded on a punched card (see
Appendix I) for computerized processing. The activity basis employed
during the system's trial run at ARAC was direct labor costs due to the
nature of the operation and the importance of the engineering labor.
Consequently, the computer calculates the correct overhead concurrently

with the direct labor costs charged to the information services. The

10Charles T. Horngren, op. cit., p. 234.
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activity basis of the prograﬁ cén be adjusted, however, to coincide
with specific requirements of a given center. A discussion of the pro-
cess required to analyze the difference between the applied operations
overhead and that actually incurred is deferred to the "Managerial

Reporting" section of this chapter.

Selling and Administrative Expenses

The selling and administrative expenses of a NASA Center must be
accounted for as period expenditures rather than service costs because
of their nature. The primary control technique for such costs is the
employment of the reSpqnsibility accountiné process discussed earlier
instead of a specific unit cost measurement. Since the selling and
administrative expenées.are not charged-td thé information services, thej
appear on the income statement as a deduction from £he gross‘margin
(revenue lesé service cost§).' The nonservice costs are not within the
control process of the proposed ﬁost system oﬁération, but nevertheless
must be considered in this studygbeCause of their impact on the total
operating cost structure.

Selling expenses resuit-from advertising, promotion, meetings, and
direct selling to prospeétive clientele. Also, liason work with regular
customers often is required to explain new information retrieval methods.
Administrative expenses are incurred for the direction, control, and
administration of a NASA Center. Most of the administrative expenses are
fixed over a relatively wide rangeiof service activity since the major
items are top level management salaries.

The selling and administrative expenditures should be budgeted for

each operating period and identified with specific cost centers. The
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responsibility accounting framework permits a periodic comparison of the
budgeted and actual cost items fbr each responsibility unit. Since the
vobjective of a NASA Center is to operate at a breakeven revenue level,

a share of the selling and administrative expenses must be included in the
cost basis of the pricing policy. Consequently, careful analysis must

be performed for any unfavorable variances in the related cost centers.

A technique for associating a fair share of the selling and administrative
expenditures to the average search cost for each information service,
retrospective search and selective dissemination, is presented later in

this chapter.

DATA PROCESSING FUNCTION

Design Considerations

The cost data collected on the varioﬁs source documents during the
production process must be converted into managerial information through
the data processing function. Tpe authbr confronted a critical problem
during the design of the cost system concerning the most feasible utili-
zation of personnel and/or equipment for the data processing procedures.
In recent years, the employment of the digital computer in various stages
of an accounting system has become increaﬁingly populgr. The tremendous
speed and flexibility of a computer offer a variety of potential applica-
tions in a cost accounting system.

The primary advantage of a digital computer is that it performs a
data processing job faster than 4 manual effort, thus speeding up the
paper-handling operation. Also, if great masses of data must be processed,

the computer may provide a clerical labor savings. Another potential
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benefit from an automated system is that the two advantages listed above
may allow an organization to retrieve managerial information that other-
wise would not be attempted.

The utilization of electronic data processing equipment, however,
necessitates substantial economic outlays for such items as equipment
acquisitions or leasing, skilled labor, maintenance, and software develop-
ment (programs, operating instructions, and procedural manuals). A
feasibility analysis of the use of mechanical versus manual methods for
the data processing requirements of a cost system depends on the cost-
benefit relationship of specific applications. Nelson and Woods summarize
the relevant considerations involved when they suggest that:

The last decade has witnessed the development of the

automatic computer as a business data processing device.

This device, together with punched card, punched tape,

and other data processing equipment now gives the

accountant some very powerful systems tools. The wise

use of such equipment is a tremendous challenge to the

systems man, particularly since manual methods and devices

have by no means been discarded. Even in the largest

companies, manual operations are the most efficient for

many accounting jobs. The accountant, therefore, must use

a' judicious blend of manual and automated methods in
setting up or revising an accounting systemall

Selected Application

Several data processing stages of the proposed cost accounting
system are potentially suitable for a computer application. Among the
most relevant phases are cost transaction measurement, processing the

source data, a permanent storage and periodic updating of the processed

llOscar S. Nelson and Richard S. Woods, Accounting Systems and Data

Processing (Cincinnati, Ohio: Scuth-Western Publishing Company, 1961),
p. iv.
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cost data, and reporting the relevant managerial information. Each of
these functions was analyzed critically to determine if an automated or
manual effort should be employed. After considering the nature of a
NASA Center's operation, services, production procedures, and necessary
paper work volume, this author decided that an application of automated
methods to the source information processing requirement would provide
the most efficient overall data processing function. The majority of the
raper work is generated during the recapitulation of the source informa-
tion, and a low volume amount of clerical labor can satisfy effectively
the other data processing requirements.

The primary computer program of the proposed cost accounting system
provides the operating instructions to generate relevant cost data for
an efficient transmission from the source information recorded during
the production process to a manual cost accounting ledger. The program,
written in FORTRAN, is designed to permit the utilization of the elementary
set of source documents discussed in the preceding section. Since one
of the objectives of this study is a cost system which requires a minimum
amount of recording work by the operating personnel, the program's
efficient coordination with the prescribed type of source documents is
essential. Another feature of the program is that it will instruct the
computer to classify and report the cost data in a form that allows a
clerk to transfer the resulting cost figures to a cost accounting ledger
without additional processing. A minimum amount of monthly entries are
required due to the nature of the coét data'presented on the computer
printout, thus necessitating a s@all amount of clerical labor.

It should be noted that the computerized capability can be extended

easily to the ledger segment of the cost system if a high volume file updating
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operation exists in a given NASA Center. Instead of maintaining a
manual ledger, the record's essential features are built into the com-~
.puter process. Nelson and Woods emphasize this basic point as they con=~
clude that thé objective of aﬁy set of accounting records, regardless of
their form, is to permit periodic file updating from a given set of
finanpial transactions.
This rather elementary view of the nature of data

processing holds for. any level of clerical effort-- .

manual, mechanical, tabulating, or electronic. In'other

words, the basic concept of what is done is: unchanged

by the nature of the personnel and equipment used to

accomplish the result. Transaction files may consist of

printed forms, punched cards, punched tapes, or magnetic

tapes. 7ledger, or balance files may consist of looseleaf

rages, card files, tape reels, or magnetic discs. 2

Figure 3-3 illustfates the essential features of the data processing
function of the cost system. The value of the computeriged processing
éapability-is dffficuit,tq.assess in quantitative terms, but on the
basis of the trial period application ‘of the system éthRAC, some
interesting féétures shouldibe méntioned.’ The:totai computer running

~ times for the monphlﬁ cost performénée proceséing and repbrting_were'as

follows:¥
July o 2 minutes and 16.seconds
August . S 2 minutes and 12 seconds
September - - - .2 minutes and 34 seconds
Total - © 7 jpinutes and 2 seconds

Also, approximately 6 minutes of computer time were required for the

weekly labor report se in abouﬁ 13 minutes all of the relevant data for

121bid., p. 524.

* The weekly labor and monthly cost performance reports both were
printed during the specified running times.
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Figure 3-3

Data Processing Function

Operationg

Overhead
Source Key- N
Informa- [ punch _Pgnched mComputer Lodger
: 2 Cards Run
tion }<or.‘m |

the cost performance of the three month period were sorted, classified,
and reported in the prescribed form. The total cost for the coﬁputer time
necessary to process the data that accounted for 64 retrospective searches,
972 profile searches, and the other special services performed by the
center was $46.15. The author's estimate of the clerical time that would
‘have.heen required for the same output is 160 hours or $280.00 at a rate
of $1.75 per hour. Keypunching ﬁharges for the three month period were
about $18.00, and the other data processing functions.réquired for the
¢t system (keypunch form preparation, recording, and reporting) were
performed by a part-time clerk who worked eight hours per week and was
paid $1.75 prer hour, thus receiving wages of aﬁéroximaﬁely $180.00 during -
the three months. Therefore, tﬁe total data processing‘costs of operating
the cost system for three montﬁs amounted to only $2hh.i5 or 581.38 per

month.

Computerized Source Information Processing

A complete description of the procedures required for processing
the source information is presentcd-in Appendix I, and the purpose of this
section is to summarize the essertial features of the system. Computerized

precessing of the costs recorded during the production process on the
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source documents consists of three maiﬁ phases: keypunching (recording),
sorting (classifyiqg), and summsirizing (reporting). The source informa-
tion is transferred manually from the source documents to the keypunch
form shown in Appendix I, and is keypunched for computer proCessing with
a coding system prescribed for the computer program. The coding system
is illustrated and described in detail in Appendix I. The labor data are
recorded on ihe keypunch form at ﬁhe end of each week as a summary of the
Jobs reported on the daily time tickets. After the‘informétion is key=-
punched, a computer run generaﬂes a Heekiy printout which classifies the
individuél work incrgmen@s perforﬁed‘by each>émployee in the various
cost centers. | -

At the end of the month, the same procedures are berformed for all
the direct sundry expenses recorded'dufing the'period; A‘mbnthly computer
run is performed to generate a f?iniout that represent$ the total direct
cost performance of the center durihg the period. Also, the proper
operations overhead rate is calcglated on the monthly report so the
total production costs are incluéed. Consequently, two essential reports,
weekly labor performance and monthly cost performance, represent a con-
tinuous accounting of the production pfocess of a NASA Center.

Weekly Labor Performance Report.13 A three digit identification

number is assigned to each employee with the first integer indicating the
cost center in which the work is performed and the next two digits
signifying the individual involved. The coding system is the same as

that utilized in the preparation of the daily time tickets and is

By report is defined forlcomputer programming purposes as the
Time Card Audit.
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illustrated in Appendix I. The weekly computer printout identifies

each employee by cost center and reports a complete listing of the work
increments performed by the personnel during the week. The result is an
itemized accounting of all information services performed during the
period with labor hours, rather than costs, providing the unit of
measurement. The managerial applications of the weekly report are
described in the "Management Reporting" section of this chapter, and an
abbreviated illustration is prescsnted in Appendix I.

U

Monthly Cost Performance Report. At the end of each month, the

information collected on punched cards for the previous weekly labor
performance reports is rerun on the computer by changing the program
control code number to two instead of one. The computer will printout
the final week's labor performance report and a monthly cost performance
report during the same run. The objective of the latter report is to
account for the production costs——direct labor, direct sundry expenses,
and operations overhead--consumed for all information services during
the month. Employee labor rates are established on control cards to con-
vert the labor hours shown on the weekly reports to labor costs. There-
fore, a different perspective fof the labor element is presented on the
monthly report from that of the weekly printout since the major classifi-
cation is an itemized listing of all costs consumed for each information
service or overhead account.

Another column is added to the monthly report to include a charge

for the applied operations overhcad. The predetermined overhead rate

lhmhis report is defined for computer programming purposes as the
Labor Cost Report. ’




selected from the normal capacity of a flexible budget is keypunched

onto a control card as an input to the computer. The computer calculates
the appropriate overhead charge for each job concurrently with the
derivétion of the direct labor costs. The direct sundry expenses (presented
in physical quantities) recorded during the month also are keypunched |
on cards, using the same operating procedures as those employed for direct
labor and a code number that signifies the specific cost item. Proper

rates for each direct sundry exgense element are keypunched on control
cards, and the computer classifies the expenses by the related informa-

tion service or overhead acéount. The result of the monthly computer run

is a printout that reports all pfroduction costs, categorized by the indi-
vidual cost increments; The nbnfhly report provides the essential
iﬁformation for the manual postings to the cost accounting ledger and the
derivation of several managerial reports. An abbreviated example of the

.’monthly cost performance report is illustrated in Appendix I.

Cost Accounting lLedger

" As i; mentioned earliér, the deciéion was made to utilize a ledger
file that requires a manuél updaﬁing operation. Due to the nature of the
cost data presented on the cost performance printout, a minimum amount of
clerical work is necessary for the monthly posting function. The purpose
of this section is to discuss briefly the essential features of the

manual ledger employed in the cost system.15 As is mentioned earlier,

lsA variety of forms and contents are available for a cost accounting
ledger, and the reader is referred to the following textbook for a detailed

description: Adolph Matz, Othel J. Curry, and George W. Frank, op. cit.
Also, we assume for illustrative purposes that the only accounifdi récord

employed for entry to the cost accounting ledger is the monthly cost per~
formance printout. In practice, however, a formal cost accounting journal
also may be utilized to supplement the computer printout.
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essentially the same principles are applicable if a center decides the
required clerical labor volume warrants computerizing the ledger files
since the basic characteristics of a manual ledger can be set up on a
tape reel or magnetic disc.

An essential feature of a successful accounting system is a well
defined chart of accounts which provides the mechanism for an accurate
recording of the essential finanéial and operational transactions of a
NASA Center. Kean defines a chart of accounts as:

a uniform, systematic listing of assets, liabilities,

capital, income, and expens:s in a logical order, giving

account names and numbers s> that accurate financial

statements may be extracted and prepared in the sequence

that they will be shown on the balance sheet and statement

of profit and loss.l6

As is mentioned in the beginning of this chapter, the accounts of
the proposed cost system are assumed to be controlled by and subsidiary
to the general financial accounting system of a NASA Center. The chart
of accounts thus serves as the linkage bet;een a center's financial and
cost accounting system, and the relationship between the two is
illustrated in the chart of accounts shown in Exhibit IX which was used
for the trial operation of the system at ARAC. Since the purpose of this
study is cost accounting oriented, we concentrate our discussion on the
essential features of the expense segment of the chart of accounts.

Matz, et. al. suggest that the following considerations are essential

in the design of a realistic set of accounts:

16yi1ton J. Kean, '"Some Suggestions for Preparing a Chart and
Manual of Accounts," N.A.C.A. Bulletin, XXXVII (April, 1956), p. 1002.
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1. Accounts should be arranged and designated to give
maximum information with the least need for supple-
mentary analysis consistent with a reasonable degree
of economy in performing the accounting function.

2. Account titles should reflect as far as possible the
purpose rather than the nature of the expenditure.

3. Mamufacturing, distribution, and administrative cost
accounts should receive particular attention as these
accounts are used to bring efficiency variations to
management's attention.l?

The responsibility accounting framework of a NASA Center should be
incorporated into the chart of accounts, and'a numerical coding system
should identify readily.specifid accounts with the related cost center
as well as the expense element. The dugllrelationship of the accounts
facilitates the dﬁal objective of perforﬁing responsibility accounting
and service costing concurrently.  In the chart of accounts employed for
the three month period at ARAC, a four digit number was used for each
expense account. The first two digits identified the cost cgnter in
which the éxpense was incurred, and the last two integers dehoted the
srecific cost item involved. Fof example, account number 7010 signifies

the following information:

70 Engineering Section Cost Center
10 Engineering Labor Cost

The ledger represents a summary record of every account established
in the chart of accounts. As cufrent financial transactions take place
during the.production process, the ledger files must be updated
accordingly. The monthly cost performance printout provides an efficient
channel to the ledger for the cost accounting process since the computer

e —————————

l7Adolph Matz, Othel J. Cur:y, and George W. Frank, op. cit., p. 37.




printout classifies the cost data recorded on the source documents by
the account to which they should be charged. The major clerical element
required in the cost system is the manual transfer of the reported costs
on the monthly printout to the ledger accounts to update the permanent
cost records. The ledger contains a perpetual record of the cost
accounting history of a center and provides a source of the information

required for managerial reporting.

Managerial Reporting

Managerial reports represent the results of the interaction of the

cost system components described in the preceding sections. The pro-

cessed cost data must be assembled and presented in a meaningful manner

before genuine managerial information is available. The overall ob-

jective of the reporting procednﬁe is to generate relevant and timely

information that will aid management in the planning, controlling, and

decision-making functions. In this section, we identify several reports

that should be applicable to a NASA Center for a quantitative measurement

of the operating performance. ' ‘
1. Financial Statements

The balance sheet and income statement should be issued
monthly to inform management of the financial operating
condition of a center. A balance sheet represents a
statement of the financial position of the organization as
of a given date, thus depicting a cumulative report of all
the accounting transactions recorded since an operation
was initiated. The income statement shows how a center
has progressed financially during a specific operating
period. A comparison of the appropriate share of revenue
and operating costs, se-vice and nonservice, is reported.
Both of the financial statements are illustrated in
Exhibit X.




Labor Performance Report

The weekly computer printout described in the
previous section represents a labor performance report
and is illustrated in Appendix I. The historical
labor information should aid management in evaluating
the productivity of the employees since their actual
performance is summarized. Also, the report shows
the amount of productive time performed as direct
labor in relation to the total payroll. The com=-
parison should be valuable in planning required
manpower levels and then measuring the actual versus
planned labor utilizatioin. The summary section of
the report also should be conducive toward the
planning function since it shows the total labor
hours, by employee classification, expended for
each information service category. The information
should facilitate future manpower planning and
scheduling by providing an estimate of the labor
necessary for expected service activity levels.

Monthly Cost Performance Report

The monthly computer printout discussed in the
previous section represents an analysis of the costs
consumed during the information search process for
the different services. Responsibility accounting
also is facilitated as the cost increments are
identified with the cost centers in which they are
incurred. The percentage breakdown of the cost
elements of each information service should con-
tribute toward effective planning and controlling
functions. Thus, the report not only is useful for
file updating of the different ledger accounts,
but also presents relevant information for a
managerial evaluation of the financial operating
performance of a NASA Center. An abbreviated
example of the monthly cost performance report is
illustrated in Appendix I.

Cost Center Performance Report

Exhibit XI illustrates a monthly cost center
report which compares the budgeted and actual
expenses for a particular responsibility unit. Since
the objective of a NASA Center is to operate at a
breakeven revenue level, any deviation from the
planned cost performance, upon which prices are
based, must be identifizd immediately for corrective
action. The cost center report presents regular
information for this objective by relating the cost
performance comparison 't.o the responsible manager.



Service Cost Report

The purpose of this report, illustrated in
Exhibit XII, is to list the production cost
increments recorded for each information service
completed during a month. Itemized detail of the
direct labor, direct syndry expenses, and operations
overhead is presented for each unit. The report
provides management with essential information
for an evaluation of the feasibility of the current
price schedule. The unit cost data also are
valuable for planning and controlling the pro-
duction performance.

Revenue - Cost Report

Another important comparison is that of the costs
expended for the different information services
performed for each client and the revenue generated
from the products. The report provides a periodic
review of the costs versus the benefits of serving
each customer and should contribute valuable informa-
tion for future pricing. An example of the report
is presented in Exhibit XIII.

Overhead Analysis Report

The purpose of the overhead analysis report is
to identify the causes of any deviation between
actual and applied operations overhead. As is
mentioned earlier, a predetermined rate is applied
to an activity basis such as direct labor costs for
the distribution of the operations overhead to the
information services. ‘he difference between the
actual indirect costs consumed and those applied can
be divided into a budget variance and a volume
variance. The budget portion of the overhead
variance is calculated by comparing the budgeted
costs at the attained activity level (referred to as
the adjusted budget level) with the actual overhead
incurred during the period. A volume variance is
calculated by subtracting the applied overhead
from the budgeted figure at the attained activity.
level. The variances provide useful managerial in-
formation since unfavorable deviations signal a need

to determine exact causes of the actual overhead costs

exceeding those budgeted or the actual volume termi-
nating at a lower level than the predetermined normal
capacity. These features are illustrated in the
example presented in Exhibit XTV.

89
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COST BEHAVIOR-PRICING POLICY

Fixed Cost Factor

The sizable fixed cost element of a NASA Center complicates the
calculation of a realistic price schedule for the information services.
The primary reason for the problem is the nature of the work force
required for the literature searching process. In a typical manuf acturing
company, direct labér represents a variable cost since the number of
workers is increased or decreased to coincide with changes in production
activity. Certain seniority agreements with labor unions may create
exceptions to the policy, but in general the direct labor-variable cost
correlation prevails.

Aléo, the amount of equipment available normally determines an
operation's capacity in today's automated business world. The direct
labor element required for giveﬁ machinery utilization levels is main-
tained, and as production activity varies, the work force is adjusted
proportionately. However, due to the nature of the work activity, the
capacity of an information center is regulated primarily by the number
of technical employees available. As is mentioned earlier, the engineers
rossess specialized education and training so they are not the type of
workers that can be hired and discharged or laid off frequently. Con-
sequently, an information center cannot vary these salaries in proportion
to service volume. The problem is magnified by the fact that the salaries
normally are high cost items due to the required skills and scarcity of
information specialists. |

The term "fixed cost" represents a misnomer for the technical labor

if one adheres to its true definition which implies that the cost cannot
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be changed. Instead, different categories of fixed costs exist, depending
on the length of time a cost remains constant or the range of activity
over which the fixed factor pers"ists.l8 For example, management of a
NASA Center can alter the number of technical personnel if allowed
sufficient lead time. The assumption is made earlier that a yearly
period is required for this objective since an annual interval coincides
with a center's planning process (for example, the budgeting cycle) and

of fers management sufficient ti@e to evaluate such factors as expected

labor turnover, available prospective personnel, the competence of the

existing staff, and required manpower levels for the forecast service
activity. Consequently, the annual planning phase represents the only
material opportunity for staff level adjustment. Costs such as the
engineering labor are referred to as discretionary costs, a term that
Shillinglaw defines as:
Costs which have no cause-and-effect relationshipa to
current volume but are fixed by management decisions,

usually when operating plans are approved. 9

The direct labor costs (variable or fixed) do not create any

significant unit costing problem since they are traced to specific in-

formation services during the production process. However, the remaining
portion of the discretionary labor causes a major problem in the deriva-
tion of reliable unit costs since these expenses are recorded as indirect

labor and charged to operations overhead. The total engineering labor

18cordon Shillinglaw, Cost Accounting - Analysis and Control
(Rev. ed.; Homewood, Illinois: Richard D. Irwin, Inc., 1967), p. 61.

1910i4.
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cost of a NASA Center remains relatively fixed over various activity
levels so a different unit service cost is calculated for each volume,
As a result, the critical question is: 'What is the correct activity
level for the derivation of unit costs that at least will serve as a
guide for realistic information service prices?" While most business
firms are concerned with the same problem, the issue is amplified in an

information center due to the lérge discretionary cost element.

Pricing Policy

The calculation of reliable unit service costs is fundamental to
the establishment of an objective pricing policy. Pricing the information
services is a critical phase of managing a NASA Regional Dissemination
Center since the objective is to operate as a non-profit, self=-supporting
entity. Short run deviations from random error may cause small operat;ng
profits or losses, but the total costs and revenues should be equal in
the long run. Since the centers lack a profit objective, a theoretical
pricing model based on an optimizing technique is not applicable. For
example, economic theorists advocate that the appropriate price for each
product is that which equates the item's marginal revenue and marginal
cost.2o Marginal revenue is defined as the increase in total revenue
resulting Irom the sale of one additional product while marginal cost
represents the addition to the total cost that results from increasing
the volume by one unit. It can be pr&ven mathematically that the price

which equates marginal revenue and marginal cost assures a firm of

Rlchard H. Leftwich, The Price System and Resource Allocatlon
(Rev. ed.; New York: Holt, Rlneﬁ and Winston, 1963), p-
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maximum profits from a given product. However, even profit-seeking
business firms find this concept difficult to adopt, and Anthony
suggests that certain information limitations hinder the application of
the optimizing model and force management to rely on a full-cost pricing
policy. He summarizes the argument as follows:

Who can estimate what quantities of product will be
sold at one price, let alone at all possible prices.
Indeed, the difficulty is so great that few companies
ever attempt to estimate a iemand schedule and few
managers have even seen one .21

Anthony discusses the basis for a full-cost pricing policy in the
following way:

Note that the relevant costs are full costs, which are
the direct costs plus a fair share of allocated costs;
they are not the differential costs discussed in the pre-
ceding section. The result of this calculation is a
first approximation to the price; it is modified to
take into account the strength of competition, the
necessity of fitting the price into customary price
lines (such as 22.98 dresses), and many other marketing
considerations.

Once again, the sizable fixed cost element of a technical informa-
tion center requires careful conyideration for a full-cost pricing policy
The full-cost approach implies that the recorded direct production
costs, the related share of operations overhead, and a portion of the
selling and administrative expenses must be included. Yet, such
reasoning may lead one inﬁo a circular-reasoning problem due to the
necessary distribution of the fixed costs. Horngren expléins the

phenomenon as follows:

21Robert N. Anthony, op. cit., p. 575.
<21bid., p. 576.
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Many businessmen maintain that they use cost-plus

pricing. They say that they figure their average unit

costs and tack on a "fair" margin that will yield an

adequate return on investment. This entails circular

reasoning, heccause price which influences sales, depends

on full cost, which in turn is partly determined by the

volume of sales.23

So, the critical feature in the distribution of the fixed costs is
the interaction of price and volume. If consumer demand for the informa-
tion services is price elastic (sensitive to price changes), management
can expect varying levels of demind, depending on the chosen price level.
However, from a practical viewpoint, an accurate prediction of such
customer reaction appears highly unrealistic, as is mentioned by Anthony.
The prcblem is especially acute in the operation of a technical informa-
tion center due to such factors as the relative newness of the technique
of scientific information retrieval, the lack of competition, and the
uncertainty of a client's utility from the information. For example, it
arpears likely that a client will be willing to pay a substantial sum
if he 1is assured a correct answer to a problem that otherwise would re-
quire a research project. However, the same customer probably would not
pay as much for information selected as relevant if uncertainty concerning
its utility prevails.

The price a client is willing to pay is more likely a function of the
provability of receiving reliable information and the seriousness of a
given problem than the established charge for a search. Consequently,

the unique nature of a technical information center's products and the

vagueness associated with their utility appear to justify an assumption

23Charles T. Horngren, op. cit., p. 318.
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that demand for the services is price inelastic (within a comparatively
wide price range). The circular-reasoning argument against full-cost
pricing is not significant if inelastic demand prevails since the con-
sumers purchase approximately the same amount of services, regardless of
relatively wide price adjustments.

Additional support for full-cost pricing in a NASA Center is attained
from the following discussion by Moore and Jaedicke:

The full cost price has been referred to as a "safe"

price. Perhaps there is a greater desire to prevent large

losses than to achieve maximum profits. Also, it is true

that all costs must be covered in the long run if the firm

is to survive.<4

This type of reasoning is especially relevant for a NASA Regional
Dissemination Center due to its breakeveh objective. Profit is not even
a pertinent consideration, and the primary concern is minimizing the
probability of an operating deficit since the centers usually do not have
past years' earnings with which to absorb a loss. Instead, costs must be
estimated accurately for each operating period and matched with a
sufficient amount of revenue. This approach implies that all operating
costs are included as a basis for price determination. Although a full-
cost pricing policy does not guarantee that the desired objective will
be accomplished, if used correctly it should assure a high probability
of success.

As is mentioned earlier, the estimation of a reliable activity

level to use in allocating the indirect costs is the most essential phase

2l"Car‘l L. Moore and Robert K. Jaedicke, Managerial Accounting (2nd
ed.; Cincinnati, Ohio: South-Western Publishing Co., 1967), p. 572.
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of a full-cost pricing policy. ‘The direct production costs (direct
labor and direct sundry expenseq) are included in the unit costs as
they are traced to the individual services. Operations overhead,
representing the indirect production costs, is applied to the products
on the basis of a predetenmiﬁéd rate so a fair share is contained in
the unit service cost. If a portion of the selling and adqinistrative
expenses 1s added to the unit cost generated via the cost accounting
system, a full-cost basis will be achieved. However, many of the in-
direct expenses are fixed during an operatiﬁg period so different
activity levels produce varying unit costs. If the assessment of an
activity level‘is incorrect, a variance will result between the prices
charged and the actual serviée costs since the fixed coéts are averaged
over an incorrect volume. Since normal capacity is suggested as the
~most realistic estimate of consumer demaﬁd for'operations overhead
aliocation, the same philosophy should prevail for the distribution of
"the selling and administrative expenses. Therefore, all indirect costs,
service and nonservice, are allocated in proportion to the direct labor
costs required to produce the services. An example of a full-cost
pricing mod;l which is develoﬁéd'in more detail in later chapters is.

shown in Figure 3-4.

Figure 3-4

Full~Cost Pricing of Information Services

'Budgeted Selling and Adminis- Average
Average Unit !trative Expenses @ Normal Capacity x Direct Labor
Service Cost ! Direct Labor :Costs @ Cost Per

t ; .
i Normal Capacit Unit
pi y
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Since a NASA Center will require a price to quote to its clientele,
a representative value must be selected from the historical cost data.
The mean (arithmetic average) presents an accurate measure of the central
tendency of most‘frequency distributions so it is hypothesized to be
the most realistic basis for a unit service price. Specific procedures
for determining the average unit costs of a rétrospective search and
a profile search are éonsidered in Chapter 4 and 5, respectively. The
full-cost pricing policy is combined with statistical sampling theory for

the derivation of the average service costs.

COST DATA RELIABILITY

Representative Figures

The nature of the informatioh services restricts the derivation of
realistic standard costs which consist of a predetermined relationship
between production inputs and outputs. The intervening variables dis-
cussed earlier influence the cost of an information search, thus
causing cost deviations that normally are beyond the control of the
operating personnel. Consequently, if a standard cost system is employed,
unfavorable variances will arise regularly since thg.uncertainty con-

cerning the mix of intervening variables for an individual service

.request cannot be incorporated realistically with the cost data. A

center does need cost targets to utilize as typical figures, however, for
planning, controlling, and decision-making. The cost system generates
a mass of data that must be condensed into a set of representative values.

For example, several retrospective searches may be performed at varying

unit costs during a given period and the array of figures can be plotted
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as a frequency distribuéion uhicg indicates the number of occurrences -
for the different unit costs. Whiile the total information is beneficial
to management, a numerical measure is required to condense the'distri-
bution into a representative figure which will serve as a cost target.

The arithmeéic mean provides an effective device since it represents
a measure of a distribution's central tendency. As long as a aiqtribution
does not contain numerous extreme values (measured as a departure from
symmétry), the mean depicts an accurate numerical measure of the entire
afray of data. Average service costs are hypothesized to be the most
realistic figures for cost targe@ determination due to their computationél
ease and representative character. Specific applications of the mean
data are shown in costing the Refrospective Search Seryice and the
Selective Dissemination Service in Chapters 4 and 5, respectively. Also,
the cocst means are essential in the statistical cést system presented in

Chapter 6.

Religbility Measure

Since the average costs are extremely important for hanagerial
aprlications of the cost data, they should be reliable figures that do
not vary substantially between periods. If the means deviate materially,
their usefulness as representative figures is marginal. However, if the )
cost system functions effectively and the distribution of the multi-
dimensional.intervening variables; affecting the unit search cost is
arproximately the same from montﬁ to month, it is hypothesized that the
monthly‘average search costs will be comparatively equal, subject only
to random error. The equal distritution assumption refers to the fact

that roughly the same average mix of the intervening variables prevails
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each month when balanced out over the entire array of service units.
Otherwise, the unit cost distribution could shift to the right or left
as a function of these uncontrollable variables, thus causing the mean
costs to shift also. In such cases, the cost targets must be revised
accordingly so the fact that un:qual monthly means exist should be

revealed to management.

Analysis of Variance

An analysis of variance model provides an efficient statistical
technique to test the hypothesis that the average search costs are
approximately equal from month to month. Duncan defines an analysis of
variance model as follows:

One of the most powerful tools of statistical analysis

is what is known as "analysis of variance." Basically

it consists of classifying and cross-classifying statisti-

cal results and testing whether the means of a specified

classification differ significantly.25

The technique is based 6n the premise that the variance of a
universe of data should be greater than subgroup variances within the
total if the means of the separate groups are not equal. Consequently,
the total variance of the overall mean of a series of data is divided
into parts related to specific sources which are of experimental interest.
Since the only critical factor in the cost data analysis is the relation-
ship of various average costs, a one way, fixed effects model provides
a sufficient amount of detail, smd all other variables are held constant
in this study. The term "one way" refers to the fact that only one

o ——————

25pcheson J. Duncan, Quality Control and Industrial Statistics
(3rd ed.; Homewood, Illinois: Richard D. Irwin, Inc., 1965), p. 549.
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aimension, average cost comparisons, is analyzed while "fixed effects"
means that sampling is achieved from a population consisting of all the
items of experimental interest.

The assumptions underlying an appropriate application of the model
are the following:

1. We have k random samples from k populations.

2. The k population variances are equal.

3. The k populations are normally diétributed.26
The service cost data should be analyzed carefully in specific

cases to insure that these conditions exist.

~

Model Components

In order to classify the cost data, the components of a one wayy
fixed effects model are summarized in the following mathematical identity:

(1) Xj3 = X+ ()—{j -X) + (xi:l - -ij)

Where:

il

i = the number of sample observations taken from a given

month's cost data.
J = the number of months in question.

X4 = ith sample observation from the jth month.

X

Xj = estimate of the mean of the data from the jth month.

estimate of the gverall mean.

Independent, random samples are drawn from the service cost data
pertaining to each month under observation. An estimate of the overall

.mean and one pertaining to each month are calculated from the samples.

26William C. Guenther, Concepts of Statistica_l Inference (New York:
McGraw-Hill Book Company, 1965), p. 203.
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Figure 3-5 shows a schematic illustration of the procedure for a three
month period:

Figure 3-5

Sampled Service Cost Data

Month

July | August | September Overall

X131 X2 X13

X21 X22 X23

%31 %32 %33

Xp1 - Xn2 Xn3
Totals Ty ?2 T3
Means X Ké Xé X
Variances s 8o S3 s

Xij = the sample observation in the ith row and Jth column
Columns range from 1 to 3. (k=3)
Rows range from 1 to n. °*

Total observations are N.

Testing Procedure

The essénce of the model shown in (1) is that each xij sample obser-
vation (unit search cost) is divided into the following three parts to
test the hypothesisﬂphét the monthly mean costs are equal:

1. Overall mean.

2. Between groupsAvariance—-thé difference between each sample
mean and the overall mean.

3. Random disturbaQCe'term cr within groups variance-~-the difference
between each sample observation and the related column mean.
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The between groubs variancg must be approximately zero if the
hypothesis that the monthly meari costs are equal is true. The .only
-variability within the columns must be a function of random error since
the éxpected value of each observation is equal to its column mean. How-
ever, variabllity in the between groups variance can evolve from either
random error or the fact that the hypothesis is false. If the hypothesis
is-true, the ratio of the between groups variance and the within groups
- variance  should be approximately one or less since all disturbances result
from randoﬁ errof. The variances divided by their respective degrees of
freedom (k-1, N-k) are‘referfed to as the mean square-between groups and
the mean square-within'groups It can be shown that the ratio of the two
is dlstrlbuted as an "F" dlstributlon, which is the ratio of two Chi-
Square distributions div1ded by their respective degrees of freedom.

_ Several 31gn;f1cant values of the "F" distribution are tabled in most
statistical text books.

A significance level, répresenting the probability of rejecting a

.. true hypothesis, is selected and artest is performed to compare the mean

square-between,gfoups and the mean square-within groups. The value cal-
culated from this ratié is compared wiﬁh the_cfitical value derived from
an "F" distribution table for a given significance level and a particular
pair of degrees of freedom. If the calculéted value is less than thaéh
shown in the table, the hyﬁothesis is accepted, and the monthly average
search costs are considered appr?ximately equal, subject only to random
errér. Otherwise, the hypothesis is rejected, and further investigation
1s required to determine the cause of the differences. The resulﬁs of the
application of the analysis of variance model to the cost data from the

trial period at the Aerospace Research Applications Center are revealed

in Exhibit III.
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CHAPTER &
COSTING A RETROSPECTIVE SEARCH SERVICE
SERVICI: DESCRIPTION

Basic Objective

In this chapter, the basic managerial cost accountiﬂg concepts
developed in Chapter 3 are applied to the first of the two main services
performed by'a NASA Regional Dissemination Center, the Retrospective
Search Servicé (RSS).~ Since a specific set of operating procedures is
required to exemplify a realistic production process, the methods
utilized by the Aercspace Research Applicatipns Cénter (ARAC) are em-
ployed. Other NASA Centers may deviate from these procedures due to
specific operating conditions, but the essential features of the pro-~
posed cost system are applicable to all centers.

The Retrospective Search Service is designed to enable a client to
identify documents relevant to a specific problem. An exhaustive search
of the inﬁex,to'literature available to a NASA Center is performed by an
engineer to acdomplisﬁ this objective. »Each search is assigned to a
staff member whose training and pxperience are compatible with the
particular problem. The primary search is accomplishéd through computer
methods since the NASA information file (An index of the documents

listed in Scientific and Technical Aerospace Reports and International

Aerospace Abstracts) is stored on magnetic tape. The engineer constructs
| & search strategy to match a problem with the descriptors used to |
classify the scientific and technical reports in the NASA file. Th;
computer identifies the information citations related to the search

strategy, and the engineer determines if they contain relevant information.



104

If a sufficient number of appropriate reports are not located by the
computer search, the engineer also may perform a manual search of other

potentially relevant information sources.

RSS Work Increments

The set of operating procedures utiliszed by ARAC for the retro-
spective search process is illustrated in the work-flow chart shown in
Figure 4-1. The RSS process is initiated when a client requests
relevant information for a well-defined problem by subamitting the sub-
Ject to ARAC. The RSS coordinator analyzes the request and assigns it
to an appropriate engineer who studies the problem and then contacts the
client (usually by telephone) to insure that all pertinent aspects of the
query are understood. W¥Next, he :constructs a search strategy by selecting
and relating the terms which may' have been used to classify the relevant
documents iq the NASA file. The selected terms are keypunched on punched
cards and matched by an electronic computer agaimt the information stored
on magnetic tape. The result of the process is a printout of the
accession numbers of the potentially relevant documents identified by
the computer.

The engineer's next step is to match each accession number shown on
the computer printout with an abstract of the identified information.

An abstract of each document in the NASA file is provided in periodical
and index card form. The engineer edits t.ﬁou abstracts related to the
computer printout to determine if the reports contain relevant informa-
tion for the given problem. The,rosnlt‘ of the editing process is a subset
of abstracts of the reports that the engineer beldaves contain information

which is most relevant from the total identified by the computer. If




Figure 4~1

ARAC FSS Work Flow

Unsatisfactory Result_»
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these reports comprise sufficient information to satisfy the client's re-

quest, the search process is finished. However, if the engineer decides

that an insufficient number of reports have been discovered, he performs

a manual search of other information sources.
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The final product of the search process is a set of abstracts which
summarizes the content éf the documents chosen as relevant to the
client's problem; The selected abstracts are reproduced and packaged
for mailing to the client. Clerical and other nonengineering labor is
required for these functions as well as several other miscellaneous
stages of the production process. If the client chooses to order the
documents abstracted, clerical work also is necessary for the document

ordering function.

RSS COSTING METHOD

General Description

The costing method suggested for the Retrospective Search Service
essentially is a job order system. Each retrospective search represents
an identifiable job which requires distinguishable cost elements as it
passes through the production process. Therefore, every search is
assigned a job number when it is initiated and is treated as a hetero-
geneous unit. Vance characterizes a job order costing method as follows:

Job order costing is used where the cost of separate jobs
is wanted. Jobs are kept separate and their costs separately
compiled where the materials and work done vary from job to
Jjob, and especially where several different jobs may be worked
on at the same time. The important condition for use of job
order costs is that individyal jobs be separately identified
in the operating departmerits. This may be done even where the
product is uniform, but the method is used mostly by comcerns
which make a variety of assembled products.

The production costs traceable to a given search are charged directly
to the related job number and accumulated monthly on a Jjob order cost

e ——t——— - A——————

lLawrence Vance, Theory and Techniques of Cost Accounting (Rev. ed.;
New York: Henry Holt and Company, 1958), p. 23.
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sheet. This master sheet,.illuafrated in Exhibit XV, is designed to
collect all direct labor, direct‘sundry expens?s, and operations overhead
assigned to individual retrospective searches. As the direct cost incre-
ments associated with the stage§ of'the production process illustrated
in Figure 4-1 are incurred, they are registered by job number on various
source documents and processed through the eloctrohic data processing
function.A The indirect chargea’(operations ovérheid) are distributed by
the application of the predeternined overhead rate to the direct labor
costs calculated by the computer for each’ search. Consequently, the
three elenan@s of service cost-—direct labor, direct sundry expenses, and
operations overhea&-&ré-recoghized. _The Job order cost sheet provides

a perpetual record of all expenses reported for a search on the monthly
cost performance computer.printoutg The to§31 qoqts recorded for the
5garéhes being performed are acqyinlated~in the .RSS in Process account

ih th;jiedger system until a-rgtrospéctiv; search is'completed and mailed
to the cﬁsto-er. After the search ‘is sent to the client, the job order
cost sheet 1ndicates the alount which must be transferred to the Finlshed

RSS account and shown. on the perlod income sta&enent.

Minor Excegtlons
' The essential feature of a job order costing method is that the

1nd1vidual serv1ce unlts are distinguishable when the costs are consumed
during the Twoduction process. However, certain labor and computer costs
are traceable directly to the Retrospective Search Service but not to
individual searches. Such expenses are necessary for a center to operate
the RSS system so a misallocatioﬁ to the other services wnuid.afise'if

the costs are considered operations overhead. It is hypothesised that a
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slight deviation from a rigid definition of job order costing must be
employed to calculate realistic retrospective search costs. Labor costs
in this category should be classified as general RSS in proportion to the
amount of time recorded on the daily time ticke@éa The labor costs are
incurred to insure that the RSS system is functional so they should be
batched and a?eraged over the searches performed during a monthly period
since these units benefit indirectly from the expenditures. Consequently,
an element of RSS costing which is parallel to the technique used in
process costing is employed. The computer maintenance time required to
update the information file is another cost item thaﬁ benefits the
overall RSS system and is accounted for similarly in a later section.

Any labor element which is a direcﬁ cost to the RSS system but cannot
be identified’with specifid searches is recorded as general RSS labor on. .
the daily timé ticket and classified accordingly by the computer. The
portion of genéral RSS lgbor distributed to each searéh is calculated
from the monthly cost performance printout and registered on the job order
cost sheets. An example of the dlrect labor traceable to the Retro-
spective Search Serv1ce is a segment of the salary of ARAC's RSS |
coordinator. A substantlal portion of the RSS coordinator s job is con-
cerned with admlnlstgring the collective service effort to insure that
the system functions efficiently and the seérches are available io the
clients on schedule. Also, certain nonengineering work is required to
provide control checks on the current status of each search performed by
the center as well as accomplish routine clerical tasks which are not
traceable to individual jobs. Although the portion of total labor costs
classified as general RSS labor is small, these expenditures must be in--

cluded in the unit search costs for realistic measurement.
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RSS COST FLOW

General Concept

In the previous two sections, the work flow of an RSS system and
the basic costing technique proposed for the service are presented. The
purpose of this section is to integrate both concepts by accounting for
the RSS production cost elements—direct labor, direct sundry expenses,
and operations overhead-—related to the performance of a typical search.
The cost accounting system colle;ts the data necessary to determine the
costs attached to the individual stages of the RSS work flow shown in
Figure 4=1. A job number is assigned to each retrospective search, and
a job order cost sheet furnisheg a complete record of the following cost
elements charged to the project during the manufacturing operation and

reported via the computerized data processing function.

Direct Labor

Each worker records the time expended for individual retrospective
searches on a daily labor time ticket (See Exhibit IV). The work incre=-
ments shown in Figure 4-1 are registered to generate a collection of
the total RSS labor consumed in the cost centers. The following stages
of the production process are reported on the time sheets:

1. Engineering

a. RSS coordinator's time spent on individual searches.
b.. Analysis of the problem.

c. Discussion of the problem with the client.

d. Preparation of a conputer strategy.

e. Edit of the computef printout.
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f. Manual search if necessary.

g Sélécting the rélevant abstracts.
2. Nonengineering

a. Clerical work.

b. Reproduction labor.

¢. Keypunching.

d. Computer operation.

e. Packaging the final product.

The different functions normally are performed during a two-week

period so the yotal labor for each job is distributed over numerous daily
time tickets. The information is collected monthly and recorded on the
appropriate job order cost sheet. The electronic data processing pro=-
cedure which classifies and reﬁorts‘the~diverse labor source information

is discussed later in this chapier.

Direct Sundry Expenses ' '
The three major recurring direct sundry expenses of the Retrospective

Search Service are: (1) telephone calls; (2) computer expenses; (3) re- ‘

production charges.- Once again, these items are charged to the related
job number as they- are ihcufted. When ihe engineer telephones the
client to clarify the details of the information request, an entry is
made in a telephone récord to fegister the related RSS nmumber, date,
engineer, and client. Since lengthy telephone calls often are required
to insure complete understanding of the problem, the treatment of the
calls as direct costs is essentiﬁl. The telephone cost data are trans-
ferred monthly from the telephone record to punched cards, processed via

the computer, and registered on ‘he related job order cost sheet.
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'Tﬁe computer operating time is recorded and classified as the
proper work activity code by the machine during each run. A dichotomy
between the direct computer time incurred in the information searching
process and the maintenance time required to update the file is maintained
for the total RSS computer costs. The nature of the RSS computer time
is identified for egch run, and ﬁhe program presented in Appendix II is
employed to instruct the ﬁachine to record the appropriate service code
concurrently with the job‘performéﬁce. At the end of each month, a
prinﬁout is generated that reports a classified listing of the computer
costs utilized in the RSS systém. Ihe‘proper éomputer rate is included
on a punchéd card to convert the physical quantities into cost figures.

Another slight depﬁrture froﬁ a strict definition of job order
costing érises due tb the nature of the computef searching time. A
batching technique is:}eQnired to distribute the computer time to indi-
vidual searches since phe directAccmpute: time usually is traceable only
to several retrospective'seafches. Normally, numerous searches are per-
formed during a single computer run to take advantage of the machine's
ample capacity so the ideﬁtifiéation of the time segment required for a
' specific search is impossible.

Since the number of searches performed during each coﬁputer run
varies from time to time according to consumer demand, an inequitable
cost distribution would develop if the total time per run is allocated to
the related searches. This relationship is amplified by the fact that
the time required for a given co%puter run is relatively insensitive to
the number of searches performed. For example, if the total running time

for five searches is thirty minuﬁea at $300 per hour, the average cost




per search is $30. Due to a computer's fast searching capability,
essentially the same amount of time would be required for ten searches,
thus creating an average cost per search of $15. If the actual computer
costs are distributed over the related searches, wide variations in. unit
search costs will result as a function of t.he'nunber of searches per run
rather than the time required for individual jobs. Consequently, it is
hypothesized that an objective method with which to overcome the problem
is to batch the total direct combuter time incurred in the search process
during a monthly period and av'er.age the costs over the related retro-
spective searches. The averaging procedure eliminates the wide variations
in unit costs that.otherwise might exiﬁt.

The maintenance computer time required to update the information
file is distributed to the searches through the application of a model
presented in a later section. Thus, both types of computer time necessary
in the RSS systen, direct" and maintenance, are charged to .service units.
The total computer costs assigned to each retrospective search are
recorded monthly on‘ the job order cost sheet via the data processing
function discussed in the follow:.ng section.

Reproduction co‘st.a. are registered on the work order form shown in
Exhibit V. When an engineer requests copying work from the reproduction
department, he initiates a work order by recording the proper RSS number
and hature of the task. The per‘sonnei performing the work use the form
to record the type of equipment and operating supplies utilized in the
reproduction process. A£ the end of eachimnth, the repréduction costs

per search are accumulated and processed by the computer for entry to the
Job order cost sheet.
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Operations Overhead

The applied operations overhead rate selected from the normal
caphcity'of a flexible budget is recorded on a punched card for the
electronic data processing functgon. The procedures used to determine a -
realistic overhead rate from a f.lexible budget are discussed in Chapter 3.
The selected rate is applied to the total direct labor costs consumed in
the production of individual retrospective searches by the computer and
a complete listing of the apﬁlied monthly overhead is listed on the cost
performance printout. At the end of an annual period, any variation
between the applied operations overhead and the amount actually incurred
during the production process must be reconciled. An overapplication
must be credited to the cost of services while an undérabsorption must

be charged to the cost of services.

Summary

" " As the work increments of the Retrospective Search Service illustrated
in Figure 4~1 are performed, the direct service costs are recorded on
varioﬁs source documents. The source information is proceased\and
registered on the appropriate job order cost sheet, one of which is
established for each search. The labor traceable to individual searches
is chargéd to the correct job numbers on the daily time ticket, and the
work performed for the overall RSS system rather thaﬁ specific searches
is accumulated in one clas;ification, general RSS, and averaged over the
rumber of jops benefiting from the cost. All direct sundry expenses
are recorded on the appropriate source documents and transferred to the

job order cost sheet via the electronic data processing function. Opera-

tions overhead is applied by the computer on the basis of the predetermined
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overhead rate derived from the annual flexible budget. The summation of

the direct and indirect charges on each job order cost sheet reflects the
total unit RSS cost.

DATA PROCESSING FUNCTION

General Scope

The data collected during the production of retrospective searches
must be sorted and processed by job order number for the determination of
the unit costs. Since each search is considered a heterogeneous unit,
the objective of the data processing function is to present the total
costs associated, either directly or indirectly, with a search during
the production process on a job order cost sheet. The computer pro-
cedures discussed in Chapter 3 provide the transition from the source
information to the job order form. The essential features of the flow

of RSS cost information through the cost accounting system are shown in

Figure LFZ, below.

Figure L-2

RSS Cost Accounting Flow

ransactions Operations
1. Direct Labor Overhead
' RSS Finished
l in RSS
‘ Process
Source eypunch| {Punched |Computer
Documents Form Cards Run »iJob Order Job Order
_ , Cost Sheetfs | Cost Shee}s:
RSS in Finished
Process . RSS
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Cngutefized Processing

The RSS labor recorded on the daily time tickets is transferred at
the end of each week to the keypunch form shown in Appendix I. After the
information is keypunched and sorted, a computer run generates a printe
out in the form of a iabor pefformance report which presents a listing of
the time éxpéhded by each staff member on individual searches as well as
the general RSS category. At the end of the month, the direct sundry
gxpénees also are collected from the various soyrce documents (classified
by Job-number) and keypunched for computerized processing. The monthly

~cost performance printou£ shows all costs collected during the period for
each retrospective ;earch performed and the general RSS labof effort.
The coding system indicates the nature of each RSS expense item reported
on the printout. An abbreviated example of the RSS segment of a typical
cost performance printout is.shown in Figure 4=3 to illustrate how costs

are reported for an individual retrospective search.

Figure 4-3

RSS Cost Performance Repbrting

Job Section Man Hours Base Operations  Total
(Cost Center) (Quantity) Cost Overhead Cost
RS3400  Engr. 121 5.5 19.03 19.98 39.01
Engr. Total . 5.5 19.03 19.98 39.01
RS3400  Cler 203 .5 .85 .89 1.74
Cler Total . .85 ' .89. 1.74
RS3400  Srvice 315 .5 1.73 1.81 - 3.54
Srvice Total .5 1.73 1.81 3.54
RS3400  Infsys 403 .25 1.00 1,05 2.05
Infsys Total - .25 1.00 1.05 2.05
RS3400  Admin. 503 1 3.50 | 3.50
C Admin. Total 1 3.50 _ 3.50

Job 3400 Total 6.75 26.11 23.73 . 49.84
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The responsibility accounting concept is revealed by the section
terms, "Engr, Cler, Srvice, and Infsys" which represent the following
cost centers, respectively: (1) Engineering; (2) Clerical; (3) Repro-
duction; (4) Computer. Also, the first digit of the man number designates
the cost center in which the direct labor increments are performed; as
is shown in the coding system illustrated in Appehdix I. If more than
one person in a given responsibility unit work on the same search, the
performances are listed separately but included in the totai figure re-
ported for the cost center. The term "admin" is utilized for computer
programming ease to designate the direct sundry expenses with a cost code
beginning with the digit, 5, and the last two numbers representing a
specific item. These costs are traceable to various cost centers,
according to the coding system which con be extended to coincide with
the specific operating conditions of a given NASA Regional Dissemination
Center. The sixth column indicates the amount of operations overhead
'enlculated by the machine for the related direct labor cost of the job.

The general RSS labor also is reported on the printout, classified
by cost code. Consequently, all information necessary for entries to the
job order oost sheets is presented. The accounting function simply
transfers.tho cost data for direct labor, direct sundry expenses, and
operations overhead recorded for each retrospective search to the re-
lated Job order cost sheet uhiohlalso gerves as a subsidiary ledger for

the RSS control accounts.2 The total‘general RSS labor costs aré averaged

2A control account is a summary record in the cost accounting ledger
that is supported by a set of subsidiary ledger accounts. The sub51diary
accounts contain a detailed listing of the transactions summarized in
the control account.
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over the number of searches performed during the period and also are
registered on each job order cost sheet. If a jodb is started and
completed during the month, the gggrogation of these costs represents
the unitvseﬁrch cost. However, ;hen a retrospective search is initiated
in one month and finished in a diffe:ent period, the same procedure must
be repeated (each month the job is worked on) to collect thé appropriate
costs. In this case, the expenses are deferred to the month when the
Job is coﬁpletod. The job order cost sheet contains a pfovision for

entries from several periods so it provides a cumulative record of the

‘unit search costs. -

Control ledger Entries

Another section of the monthly cost performance report indicates
the total RSS costs, identified by cost classification, registered during

the month. Figure 4~d illustrates this feature. The cost classification

Figure 4-4
RSS Cost Totals By Cost Center

Section ' Base Operations Total
(Cost Center) Cost rhead Cost -
Engr C477.39 501.03 978.42
Cler . 98.67 103.51 202.18
Srvice ©378.97 397.66 776 .63
Infsys 8.74 9.17 17.91
Admin 275.35 Q- 215.35

ﬂotals provide essential information for the monthly postings to the cost
accounting ledger. The summation of the five figures shown in the Total
Cost column represents the amount which must be charged each monﬁh to the
RSS in Process control acqount. The latter account signifies the amount

of costs recorded for the jobs in process at the beginning of the month
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or initiated auring the period. A total of.the unit RSS costs trans-
ferred from the monthly computer printout to the individual job order
cost shéets is equal to the summition of the five numbers in the Total
Cost column of Figure 4-4. After the entry is made to RSS in Process,
the cost of the searches completéd during the month must be charged to
the Finished RSS account. The job order cost sheets of the terminated
searches are selected, and'the total gosts recorded on the forms indi-
cate the amount that must be transferred to Finished RSS.

The job order cost sheets provide an efficient subsidiary ledger for
the two RSS control accounts, RSS in Process and Finished RSS. While the
searches are being performed, the total cos£s registered on the related
coét sheets furnish an itemized accounting of the balance of the RSS in
Process account. A job order cost sheet is peclasSified as a record
subsidiary to the Finished RSS a¢count when a search is terminated so
the cost of the completed retréspective searches is revealed both by a
summation of the associated:cost shéets and the balancé of the control
account. The'essential cost information necessary for the RSS file up~
dating process is obtained'from ghe monthly cos£ pefformance printouts
related to the production of the searches. The general-subsidiary ledger

relationship is illustrated in Figure 4-5.

Figure 4=5

RSS General-Subsidiary Ledger

General RSS in Process Finished Service Finished
ledger : > RSS
Subsidiary Job Order Cost ' Job Order
ledger Sheets of Work Transferred When Finished Cost Sheets
in Process —>  of Finished

Searches
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RSS COMPUTER MAINTENANCE

General Nature

One remaining expenditure must be considered ifor the determination
of unit RSS costs. Computer maintenance time is required to update the
information file stored on magnetic tape. 'All computer searches should
benefit fron‘the procedure since the primary objective of the maintenance
runs is to increase the number of documents available in the NASA file.
Therefore, a portion of the updating costs must be charged to individual
retrospective searches for realistic unit costs.

The model developed by Marron and Smyderman for the distribution of
computer maintenance time to the searches performed at the Science In-
formation I'xéha.nge is not feasihle for the proj:oaed cost accounting
system since the basic prell;ise of their model is the fact that the
maintenance runs of a given period ~are distributed over the searches of

3

the same duration.” Since cost information is required in & NASA Regional
Dissemination Center on a current basis due to its business firm
orientatior'x, the cost "systeh has been designed to collect the service
costs continuously and to generate unit cost data as soon as a job is
finished. COnsequently, an application of Marron and Snyderman's model
would distribute the RSS compubér maintenance chargéa incurred during each
month over the search activity of the sams period. The ratio of the
monthly updating costs to the retrospeétive search volume would determine

the average unit maintenance cost, and fluctuations in either the

3Harvey Marron and Martin Snyderman, Jr., "Cost Distribution and
Analysis in Computer Storage and Retrieval," American Pocumentation,
XVII (April, 1966), p. 89. '



120

numerator or denominator from moith to month would produce erratic

unit search costs.

Proposed Solution

A similar phenomenon exists in the application of operations over-
head where volatile unit costs may arise if the actﬁal monthly over-
head expenses are distributed over the actual service activity. Typically,
overhead costs vary between monthly'periods due to such items as
maintenance, repairs, heat, and supplies while monthly service volume
normally changes as a function of certaiﬁ seasonal or cyclical factors.h
The result is an erratic charge .o individual production units and ag
adverse éffect on the unit service costs. As is mentioned in Chapter 3,

a flexible overhead budget is ﬁtilized to overcome the problem as the
operations overhead is estimated for varying budget levels, and a‘pre—
determined rate is selected from the normal service volume.

It is proposed that the same approach shéuld be taken for the dis-
tyibution of the RSS computer maintenance time to the individual searches.
RSS computer maintenance costs should be estimated for each year and
compared with the numb;er of retrospect.ive searches predicted for the
nbrmal service activity. A predetermined‘rate can be calculated from
this ratio and uéed to apply the updating expgnseQ. The procedure will
proQide an objective basis for the inclusion of a fair share of the
maintenance chargés and is realistic since the costs are recognized at

the time the searches are performed.

Lgharles T. Horngren, Cost Lccounting-—A Managerial Emphasis (2nd
ed.; Englewood Cliffs, New Jersey: Prentice-Hall, Inc., 1967), p. 83.
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The ratio shown in Figure 4-€ and the related cost accounting flow

illustrates the mechanics of RSS computer maintenance cost distribution.

Figure L4-6

RSS Computer Maintenance Cost Distribution

Estimated Computer Maintenance Costs = Average Rate
Retrospective Searches at Normal Ca= per search

pacity
Monthly )
Computer RSS Computer Maintenance
Costs r—*ACtual Costs l Applied Costs

" RSS in Process

Job Order
Cost
Sheets

A monthly computer printout serves as the source document for the RSS
computer maintenance charges (See the discussion concerning RSS computer
time measurement on page 111). These actual maintenance costs are
charged monthly to an account established for the updating function in
the chart of accounts. As the searches are performed, the predetermined
RSS computer maintenance rate is applied to each search via the job order
cost sheet and a credit entry is recorded in the RSS Computer Maintenance
account. Consequently, each unit RSS cost contains an appropriate share
of updating expenses. At the end of the acéounting period, the balance
of this account should be reconciled by charging or crediting an under-
application or overabsorption, r%spectively, of the computer maintenance

expenses to the cost of services performed during the year.
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REPRESENTATIVE RSS PRICE

Use of the Average Cost

The job order cost sheets provide a record of the costs charged
to each retrospective search performed during an accounting period. Un-
less the service is priced on the basis of actual costs incurred during
the work performance, the array of past cost data must be condensed into
a representative statistic for pricing purposes. The use of actual costs
implies that the clients would not be informed of the cost of an infor-
mation search at the time a request is initiated. Consequently, the
clientele acceptance of such a pricing policy is questionable, and the
use of a representative figure which can be quoted prior to the
literature search appears to be a more effective procedure.

The arithmetic mean provides a measure of the central tendency of an
array of data so it should furnish an objective representation of a set
of RSS unit costs. Despite the existence of variances in unit costs,
most fluctuations tend to balance out over a lengthy period of time.
Since fixed and variable costs are included in the average cost, its
utilization is valuable for a NASA Regional Dissemination Center due to
the heavy fixed cost committment. Other pricing techniques, such as
one based on marginal or incremental costs, disregard the fixed costs and

5

are not feasible for a technical information center. While a particular
search may cost more or less than the average figure, the deviations

below and above the mean balance out to zero when the total units are

5Richard H. Leftwich, The P-ice System and Resource Allocation
(Rev. ed.; New York: Holt, Rinehart, and Winston, 1963), p. 1471.




123

considered. Although the use of a historical average cost does not
guarantee thevaccomplishment of‘the breakeven objective, it should offer
a high probability of success.

The purpose of this section is to describe the egsential features
of a statistical samplingiplan uﬁich will generate a reliable estimate
of the average retrospective search cost related to a population of
service cost data. The term, "population," refers to the‘entire universe
of RSS cost data for a given périod. For example, if 2000 searches are
performed during the year, these elements form the population. A sample
is a subset of the universe which is selected for an inference concerning
a population parameter. The mean cost could be computed from the entire
array of data, but this approach would be unnecesaarik&'laborious and
costly. 1Instead, the utiligation of a survey sampling deaign, based on
prdbability theory,_prévides an economical and reliable éstimate of the
population mean (referred to #s.u). Since management requires RSS cost
and oper#tional Aata periodically for decisions other than pricing, the

sampling process provides an effective tool.

Simple Random Sampling

A random sample of Jjob order cost sheets is selected from those re-
lated to the retrospective searches of a given period. Hansen, et. al.
define a simple random sampling model as follows:

By the term "simple random sample of n elements"
we shall refer to a sample selected from a population in
such a manner that each combination of n elements has the

same chance gr probability of being selected as every other
combination.

6Morris H. Hansen, William N. Hurwitz, and William G. Madow, Sample
Survey Methods and Theory (New York: John Wiley & Sons, Inc., 1953),
p. 12.
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We assume, for iiiustfativé pdrposes, that sampling with replacement
is performed. This-means that gnce we have chosen a particular observa-
tion and noted its value, we reﬁlace it in the population of Jjob order
cost sheets. A table of random digits provides an effective device for
the selection of a random sample.7 The job orger numbers are used to
enumerate the N retrospective searches in the population, and the range
of these figures determines the integers selnctéd for the sample from the
table. For example, if the searchés during an annual period are numbered
from 0001 through 2000, any digit found in the random process within the
bounds of 1 and 2000 is chosen for the sample. The person selecting a
sample merely chooses a random starting point on the table and proceeds
downward, choosing ail numbers within the dqsired range'énd disregarding
all other figures. The process is repeated until a sufficient number of
sample observations are selected. The decision concerning the selection

of a sample size is discussed later.

Sample Mean
The mean of the sample observations and accompanying standard de-

viation are calculated as follows:

x= L Xi where: x = sample mean.
" . x4 = the ith unit RSS cost selected
s = (11-2)2 o . fo; the sample.
" | n = the number of selected sample

observations.

s = the sample standard deviation.

Tsee ﬁobert Schlaifer, Probability and Statistics for Business
Decisions (New York: -HCGr;uhHill Book Company, Inc., 1959), p. 708 for
a table of random numbers.
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The sample mean provides a reliable estimate of the population
average, WU. For several different kinds of underlying population dis=-
tributions (including the normal distribution), the sample mean satisfies
the following desirable characteristics:

1. Unbiased .
If we enumerate over all possible samples, the expected
value of the sample mean is equal to the population
average .

2. Consistency _
The variance of the sampling distribution of x decreases
as the sample size n increases.

3. Efficiency .
The sample mean possesses the minimum variance of all un-
biased estimators.

4. Sufficiency

We obtain the same information from x as we would
from all sample obsgrvations.

Sahlpling Precision

The precision of t.hé sample mean as an ’est:i.mator is measured by the
standard deviation of the sampling distribution which can be shown to be
-(in the case of an infinite population or sampling with replacement),
o X = o//n. The smaller the standard deviation, the more precise is the
estimator, X. If we select seve}al different samples, x may change each
tine, but if we repeat the process for all possible samples (in this case‘
there are NP possible), a smpliling‘distributior; emerges with a mean equal
to u and a standard deviation 6f o X. Consequently, the more variable
the population data, measured by o, the more dispersed is the sampling

distribution for X. Also, the more information we have (large sample size)

8plexander M. Mood and Franklin A. Graybill, Introduction to the

Theory of Statistics (2nd ed.; New York: McGraw-Hill Book Company, Inc.,
1963), p. 167.
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the more precise is the estimator. Since the standard deviation of the
sampling distribution represents a measure of the precision of X as an -
estimation of ¥, it provides an effective technique with which to choose

the appropriate sample size.

Sample Size Decision
Hansen, et. al. 1ist the following two factors that must be con-
- sidered in the selection of a sample size:

l. How large an error in the estimate can be tolerated
‘before the inference drawn leads to a wrong decision?

2. What risk can be taken that the results of the sample
are in error by more than the amount in 1.9

‘The first condition specifiea hoi accurate thq aampie estiméte must -
be in a given case. For example, it may be decided that an estimate of
the average RSS unit cost must be within a $5.00 rangé of the true popu-
lation mean. Any estimate outside this ranée is not acceptable. The
second factor defines the required probability that the sample estimate
will be within the desired rﬁnge. Since the sample mean will be dis-
tributed normally for large‘ sample sizes due to the Central Limit Theorem, ‘
the probability of X béing within given areas is known according to

the conditions of a normal probability distribution.lo

The ‘information .
concerning the desired range of the estimator and the acceptable risk of
a sample mean being within the limits is all that is necessary to calcu-

late the proper sample size. For example, if we desire the sample

OMorris H. Hansen, William N. Hurwitz, and William G. Madow, op. cit.,
p. 32.

10g¢e Chapter 6 for a definition of the Central Limit Theorem.
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estimate to be uifhinfa'$5.00 range of the population mean, and we want
to be '95 peri_cent sufe this event will occur, we can proceed as. follows:
1. 20x = Saince-ut 2 0x = 95% of a normal curve.
2. 2 q/fﬂ-'—; 5 since q; = of//n
Solving for n:

3. n =4 o2
25

Usually, we do not know the populat.ién standard deviation, ¢ , so we
must estimate it from sample information. As long as a sample is reason-
ably large (n >30), this approximation is valid. Earlier, the sample

standard deviation is defined as s =1 (x1-%)2
. N

For illustrative purposes, we assume that this figure has been computed
in the past as $20. |
Thus, we have

L. n= h§20[2'
: 25

5. n=64 |

Therefore, we can obtain the desired 'pfeciéion i:y selecting a sample
of 64 job order cost sheets. 'l‘l'xe-'smble"-:m:in,‘i;, should provide a satis-
factéry eitinate of the population mean without the time~consuming pro-
~cedure._ of wdx;kixxg with the e;it.ire universe of data. - The sample mean
sve'rvea.‘:as; a basis upon which a share of the selling and administrative
expens_e':.s mst be added for a full-cost unit’ price.  The sample also may
provide inportant information fo,x; other inferences concerning the Retro-
spective Search Service. Since it should be an accurate representation
of the total searches, decisions concerning the service can be made on the -

basis of sample inf ormation as though all of the data are being analysed.
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For example, in the budgeting cycle, the number of engineer labor hours
required for t.he expected number ‘of retrospective searches may be in-

ferred from the sample infomtlon. The average cost figures also re-
present targeted costs which are essential for planning and controlling

an information center's operatlon.

Full-Cost BSS Price
The average retrospective search cost calculated from the sample
includes the three service cost elements——direct labor, direct sundry

expenses, and operations overhead. A portion of the selling and admin-

istrative expenses must be added for t.he conputation of a price which
covers a sha're of all operating costs ’ _thus contributing toward the
breakevgn pricing objective. The full=cost pricing model shown in
Figure 3~4 requires a distribution of the' nonservice expenses on the

basis of a unit .charge‘ calculated as.follows:

Selling and Administrative Costs

@ Normal Capacity Average Direct

X Labor Cost
Direct Labor Costs @ Normal Capacity per RSS
Once égain, the aaniple data are used to estimate the average direct ‘

labor cost per search concurfently with the calculation of the sample
cost mean. The average direct labor cost is multiplied times the ratio
of the selling and administrative expenses to the direct labor costs at
normal capacity, and the charge is added to the average retrospective
search cost. The result is a me?.n"}BS unit cost which includes an
objectively determined shareb of all operat.{ng expenses. The full-cost
figure should provide a realistic pricing device for individual retro-

spective searches.
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CHAPTER 5

COSTING A SELECTIVE DISSEMINATION SERVICE

SERVICE DESCRIPTION

General Nature

The objective of the Selective Dissemination Service (sDs) is to
assist the clients of a NASA Center in maintaining a current awareness
of relevant scientific and technical information as it is published.
Specific interest profiles are established, and the current portion of
the NASA information file is searched every two weeks for subjects ger-
mane to each profile. The customers are informed regularly of documents
which appéar relevant to their subject. Hiller describes the necessity
of such a service as follows:

The fourth item (a current awareness service) concerns

an information service to provide an efficent means for

enabling the member of the technical staff to keep current;

this is the problem most pecple are concerned about. What

is going on in the field today? What is coming out in the .

literature? This is one that has always presented a problem.1

SDS interest profiles are developed through the joint effort of the
ARAC staff And the clientele to accomplish the current awareness ob-
Jective. An interést profile is described as:

a list of terms which degcribe the interest of the re-
questor. The profile sets the specifications under which

a search item will be regarded, and hence retrieved, as
an answer to the search req%fSt'

lJames Hiller, "Management's Evaluation of Information Services,"
Information Retrieval Management, ed. Lowell H. Hattery and Edward M.
McCormick (Detroit, Michigan: American Data Processing, Inc., 1962),
p. 58. .

2Preparation of Search Prof:les (Columbus, Ohio: The American
Chemical Society, 1967), p. 4.
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SDS Work Increments

The essential operating procedures utilized at ARAC to perform
the Selective Dissemination Service are shown in Figure 5-1. A profile

is designed through the cooperation of the client and an ARAC engineer

ngure 5-1

ARAC SDS Work Flow

Client's
Interest
Area

Profile Development _
Engineer Client

Interest
Profile [€

urrent
NASA Computer

Search

ile

SPToductIoT
(Procure & Co

dentified Abstracts If Client Requests

i

Finished
ineer-| PBDS Out- ’ ARAC
(Evaluates Clerical {—"put Per Document

Results)

(Package Profile t# Order
Product Client




1

to determine a list of technicai terms and their relationship to each
other that represent the custoner'ﬁ interest area. A considerable amount
of enéineer timé is necessary for an effective communication of the
client's request and the desfgn of an interest profile which contains
appropriate terms. The éonﬁnnication process normally is achieved
through the engineer's travel to the client's location, telephone con=-
versations, written correspondence, or some conbination of the three
methods. The customer discloses his interest area in terms of the
relevant technology, and the ARAC engineer transcribes the request into

a profile coding process’ suitable for computerized searching.

The terms selected a& relevant to the interest area are keypunched
onto cards which are matched every two weeks by a computer sqérch against
the current segment of the NASA information file. The computer records
| the accession numbers of doculenﬁs identified as germane t§ thebinterest

| profile, and the reproduction department uses the printout to procure
and copy the abstracti‘related to the literary work. The ARAC engineer
responsible for the profile reviews the abstracts and chooses those most
applicable ﬁo the client's interest area.

A basic difference prevails between the editing process of the Retro-
spective Search Service and thai of the Selective‘nisaeniﬁation Service.
The variation is_relevant"for cost accounting purposes because it in-
fluences the SDS costing technique which is developed later in this
chapter. Each ARAC enginger services profiles compatible with his
technicgl training and experience. Consequently, the profiles usually
encompass relatively homogeneous subjects, and the same abstracts may be

identified for several profiles. Also, the editing process for a given
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profile may require a diminutive amount of direct labor during an indi-
vidual SDS performance due to a small computer output. A detailed
accountingvof the entire universe of profile searches would require
excessive reporting procedures by the responsible staff members. As a
result, specific jobs cannot be identified as effectively as can be
accomplished for the retrospective searches which represent heterogeneous
units.

The final abstracts selecteh by the engineer as being relevant to
the client's interésts are packaged and mailed to the customer. A docu-
ment service also is offered, at a client's request, to provide the
complete document summarized in each abstract. Nonengineering labor is
necessary for these stages as well as for those related to keypunching,
correspondence, abstract procurement, reproduction, filing, and the com-
puter operation.

A periodic interaction between thé client and the ARAC engineer
is required to refine the profile so that the production output remains
compatible with the customer's changing interests. The combination of
information from the client concerning his opinion of the relevancy of
the abstracts and the engineer's evaluation of the output of each SDS
performance contributes toward the profile improvement objective. The
engineer also utilizes computer maintenance time for a profile analygis
that produces information applicﬁble to the refinement process. A list
of document numbers is submitted to the computer, and the machine reports
a listing of all index terms for the documents as well as the number of

documents indexed under each term.
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Therefore, the SDS work inciements can be divided into three main
categories: (1) Development; (2) Operational; (3) Maintenance. The
develop-ent segment is needed to establish functional interest profiles.
Operational work is the recurring production effort utilized to match the
relevant terms of each profile Against the current portion of the NASA
information file by computer and to evaluate the results. SDS maintenance
is necessary to refine the interest profiles so they remain compatible
with the client's interests.l The trichotomy is essential for the design

of an objective SDS cost system.

OPERATIONAL COST DETERMINATION

General Concepts

Due to their diverse nature, each SDE work element requires a
separate c;osting technique for the calculation of realistic unit pro-
file costs. A unit pf-ofile cost represents an at._f.ri’butablé portion of
‘the operational, develomment, and mintenancg expenses for a given
interest profile on an individual SDS performance. 1‘he. pufpose of this
section is to describe the process costing method used to account.for
the SDS operational costs consuwed in the profile searching function.
In a process costing aygtem, all costs °f>"8 given period are collected
for a specific function but.‘a'ré not x_‘elated‘ to indi;{idual production
units. 1In essence, the totai costs accumulated are averaged over the
units produced during thé periodi. Gillespie describes the method as
follows: /

A process cost aytte;l is one in which unit product

costs are determined for a period with reference to (a)
production costs and (b) units produced for the period.
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The unit cost is accordingly an average cost for a period.

The period is often one month, but it may be of any length,

for instance, a day or a week. Having a regular cut-off

based upon a period of time, it is to be distinguished

from job order costing in which a unit product cost is

computed for each production order.

The proposed SDS process costing technique differs significantly
from the job order method suggested for the Retrospective Search Service
since the latter is composed of heterogeneous production units. The
searches performed on the interest profiles are not considered separable

jobs for costing purposes since minutely detailed reporting would be

required by the responsible personnel. Such costs as engineering and ‘

nonengineering labor, reproduction charges, telephone calls, supplies,
and computer time are éonsumed in small increments for many individual
profiles during each SDS performance. Also, as mentioned earlier,

the output for more than one profile may be interrelated during a given
profile search. Such itemized accounting procedures as those required
in a job order system would require laborious reporting on the source
documents to record the numerous cost inputs related to each interest

profile. Consequently, it is not feasible to attempt to distinguish be- ‘

tween units when accounting for the entire universe of profile searches,

and a modified process costing technique is proposed.

Basic Assumption

A weighted-average distribution of the SDS operational costs to
the profiles is achieved through a modified process costing method.
In a traditional process costing system, the unit costs essentially are

determined as follows:

3Cecil Gillespie, Cost Accounting and Control (Englewood Cliffs, New
Jersey: Prentice-Hall, Inc., 1957), p. 308.
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Total cost of material, labor, and
manuf acturing overhead for each
process for the accounting period
Total production units for each
process for the accounting period

average unit cost
= for each process

Fundamentally the same approach is used in SDS costing except the
mean unit cost represents a weighted-average value. A basic assumption
is adopted that the operational costs incurred for each profile search
depend on the number of abstracts identified in the current segment of
the NASA file by the computer. The proposition is stated as_follows:

Unit profile cost per _ £ { Number of abstracts ‘\

SDS performance : identified for the profile
per SDS performance S/

”

-

This relationship signifies that the dependent variable, unit
profile cost, varies as a functidn of the indepeodent variable, the
number of abstracts. The effectaof the basic assumption is a weighted-
average distribution of the total operational costs recorded through
the accounting system for each SDS performance. The ratio of the ab-
stracts identified for a particular profile to the total abstracts re-
vealed by the computer search is'multiplied by the total charges
accumulated by the process costing mechanism on the.related SDS per-
formance. If costs are utilized as a basis for service prices, the
weighted—average.costing method makes an effoctife profile development
and maintenance essential since the center charges the clients on the
basis of the number of abstractsiidentified by the computer. The custome; s
are required to pay for an ineffective profile if the relevancy ratio
(engineer sélect;d abstracts to those identified by the computer) is low
with this policy, . Figure 5-2 illustrates the weighted-average technique
for five hypothetical pfofiles as the total SDS costs are distributed at
the rate of $1.20 per abstract Kf%%%) .
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Figure 5-2
SDS Weighted-Average Cost Distribution

Profile Abstracts Total SDS Weighted Cost per
Number Identified Cost per Run Average Ratio Profile
50 32 32/100 $ 38.40
51 15 " 15/100 18.00
52 25 25/100 30.00
53 21 21/100 25.20
54 7 L 7/100 8.40
Total 100 $120 100/100 $120.00

The same procédure is employed for each SDS performance to calcu-
late the unit profile operational costs. When a large number of interest
centers are serviced and the quantity of abstracts identified is folumi-
nous, manual arithmetic calculations may be unwieldy. The computer
provides an efficient mechanisﬁ through which the weighted-average
distribution of the total costs can be achieved. An example of a program,

written in FORTRAN, which will furnish a weighted-average breakdown of

varying process cost levels is presented in Appendix III. The program ‘
can be revised to satisfy specific operating conditions and costs of a

given NASA Regional Dissemination Center, but it must be used in conjunction

with the regular SDS search program. The computer perfdrms the noceésary
calculations by multiplying the r#tio of the abstracts identified per

profile to the total abstracts disclosed in an SDS run times various cost

levels established in the program. Once the total operational costs of

an SDS performance are known,'th? related column of the computer printout
generated for the run provides a!complete weighted-average distribution

to the individual profiles.
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Justification of the Assumption

An analysis of the SDS work flow shown in Figure 5-1 discloses the
fundamental rationale for the assumption that the unit profile opera-
tional costs are a function of the number of abstracts identified. The
major SDS operational cost elemehts are:

1. Computer searching time.

2. Computer operation labor.

3. Clerical work to procure the identified abstracts.

4. Reproduction department expenses to copy the abstracts.

5. Engineering labor to edit for relevant abstracts.

6. Clerical work to package and mail the final product.

7. Operations overhead applied to the direct labor costs
recorded during the process.

The distribution of the computer searching costs on the basis of
the identified abstraéts appears logical since the individual interest
profiles shouid receive an approximately commensurate utility from the
costs. The magnitude of ﬁhe other SDS operational expenses may not vary
directly as a function of the number of abstracts identified per profile,

b

but the actual behavior should be a close approximation to a linear

4

function within a relevant range of activity.” For example, the amount
of engineering time necessary to edit the.ogtput of a given profile
normally will fluctuate in propoftion to the number of abstracts which
must be evaluated. The more abétracts the enginger has to analyze, the

more time the process will require. The nonengineering labor consumed

in the SDS process also should vary for individual interest profiles in

Lcharles T. Horngren, Cost Accouhtigg,- A Managerial Emphasis (2nd
ed.; Englewood Cliffs, New Jersey: Prentice-Hall, Inc., 1967), p. 195.
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a similar fashion since large work increments are required to service
numerous abstracts and the opposite relationship prevails for a diminu-
tive output. Consequently, the assumption that the unit profile
operational costs are a linear fuaction of the number of relevant ab-
stracts appears realistic as an-approximation for cost distribution

pur poses.

Operational Cost Accumulation

The source documents discussed in Chapter 3 serve as evidence of

the direct labor and direct sundry expenses consumed during each SDS

performance. Figure 5-3 illustrates the essential direct cost-source
document relationships utilized for SDS operational cost accumlation.
The same source documents are employed for the related expenditures

consumed in the development and maintenance functions discussed in the

next section. .

Figure 5-3

SDS Operational Cost Accummlation

Cost Item ‘ Source Document

Labor Daily Time Ticket
Reproduction Costs |  Work Order

Telephone : ~ Telephone Record

COmputer Time ) Monthly Computer Cost Record

Travel : , Tfavel Voucher

As the individual interest profiles are serviced during the pro-
duction process, the cost increments are reéorded as SDS operational

-expenses on the proper source document. A share of operations overhead
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also is charged to the service during the computerized‘processing in
proportion to the total direct labor cost. The source documents are
.identical to those appliéable in the RSS job order technique, and the
essential difference between costing the two services is the orientation
of the source information. Since the direct cost increments are not
feadily identifiable with specific profiles when the entire population

of profiles is accounted for, they are traced only to each SDS performance.
As an operational cost item is incurred, it is recorded by the responsible
individual on the appropriate source document as a charge to the reléted
SDS run. A cost code designating the operational nature of each expense

is utilized for the source information recording process and is illustrated
in Appendix 1. For example, the term, SDOl, can be used to record all
operational expenses incurred on the first SDS performance of the year.

The total pperatiénal costs are accumulated and reported>via the

electronic data processing function discussed later in this chapter. When
an SDS performance is cﬁmpleted, the total operational costs are distri-
buted to the interest profiles on the weighted-average basis previously
discussed, thus designating the portioﬁ‘of the unit profile costs

attributable to the search process.

NONOPERATIONAL COST DETERMINATION

Develofuent Costs

»+ SDS development costs are consumed in the establishment of the
interest profiles and bensfit the profile searching process of subsequent
periods. If the expenses are charged to the period in which they are

incurred, an unrealistic matching of costs and resulting benefits would

occur. Such a practice also would create a fluctuating level of the
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SDS process expenses charged to the interest profiles, thus producing
volatile unit costs. The direct labor and direct sundry expenses consumed
during the development of eaéh interest profile are recorded on the
appropriate source documeﬁt, claa;ified by the profile number and
development . category. For example, the code SDD50 can bé_used to
designate develomment expendiiures for profile 50. The major development

costs are:

1. PEngineering labor to communicate with the clients and
design a list: of appropriate profile terms.

2. Keypunching work to develop the punched cards which are
matched against the NASA file.

3. Clerical work for various miscellaneous stages of the
develomment phase.

4. Engineering labor to test the effectiveness of the profile
ternms. . :

5. Computer labor to test the effectiveness of the pfofile

terms.
6. Travel
7. Telephone calls ' ‘ -

8. Computer time

9. Supplies

10. Operations overhead

Profile development expensqs are ahalogous to those‘incurred by a
business firm in a product reseérch and development project. Conse-
quentiy, an objective distribution of the development costs to the
profiles requires similar considerations as those applicable to the R & D
expenditures. The staff of Arthur Andersen & Company, a Certified Public

Accounting Firm, discusses the basic objective of accounting procedures

for the product R & D costs as follows:
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The desirable objective is clear--that there should

be a proper matching of such costs with resulting bene-

fits. Accordingly, where the research and development

costs can reasonably be identified with specific projects,

or where some other suitable basis can be established, it

may be appropriate to defer such costs (1) to be amortized

over an appropriate period against the income from the re-

sulting products or product improvements, or (2) to be

written off if and when it becomes reasonably foreseeable

that such costs will not be recovered from the results of

the projects.5

The Chief Accountant of the Securities and Exchange Commission
expresses the opinion that companies which design new products usually
consider the development costs as capital expenditures and amortize them
over the estimated life of the products.6 The profile development costs
clearly benefit all SDS searches enacted on the related interest pro-
files in subsequent periods so a portion of the charges should be dis-~
tributed to each performance. Otherwise, a misrepresentation of unit
profile costs will arise. Since costs are suggested as a basis for
service prices, the exclusion of a portion of the development expenses
would be detrimental to the financial breakeven objective of a NASA
Regional Dissemination Center. The majority of the SDS "start-up" costs
would be expenséd'during the initial stage of a center's operation without
any evidence of the investment in the profile develomment. - Consequently,
it is hypothesized that the most realistic accounting procedure is to

treat the development costs of each profile as an asset since they clearly

benefit future accounting periods.

5Account,igg,and Reporting Problems of the Accounting Profession
(2nd ed.; Chicago, Illinois: Arthur Andersen & Company, 1962), p. 91.

6”Memorandum Prepared by the Office of the Chief Accountant, Securities
and Exchange Commission," Inventory of Generally Accepted Accounting
Principles for Business Enterprises, “ed. Paul Grady (New York: American
Institute of Certified Public Accountants, Inc., 1965), p. 390.
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A client's interests normally change with technological progress
so the profiles represent revenue-generating asseis for a limited dura-
tion. The expiration of the profile development asset should be recognized
through periodic amortization charges which are described by the Accounting
Principles Board as:

The cost of a productive facility is one of the costs
of the services it renders during its useful economic
life. Generally accepted accounting principles require
that this cost be spread over the expected useful life
of the facility in such a way as to allocate it as equit-
ably as possible to the periods during which services are
obtained from the use of the facility.7

The average profile life represents the expectation of the existence
of the intérest profiles so it should provide an objective basis for the
amortization charge.8 The number of SDS performances expected during

~the averagé profile life is divided into the development costs of a given
profile to determine the appropriate amortization rate. For example, if
the life expectancy is five years for a profile serviced bi-monthly and
the development expenditures are $900, the amortization rate per SDS

performance is calculated as follows:

Total Development Cosis = §200 = $7.50 per
Average No. of Profile Searches . 120 SDS Run

The appropriate rate is charged to the‘related interest profile: for
" each SDS performance via the data processing function. The procedure

provides a systematic distribution of the development expenses, thus

7Accounting,Research and Terminology Bulletins (Final ed.; New York:
‘American Institute of Certified Public Accountants, 1961), p. 76.

The term "expectation" is used here in a statistical sense to re-
fer to the quantity calculated by multiplying each possible value of the
random variable, profile life, times the probability of that value
occurring and summing the products.
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furnishing an objectively determined increment in the unit pfofile cost.
If a client cancels the profile before the development costs have been .
aportized completely, the remainder should be charged to the income
statement as a loss on the design of the interest profile.for that client.
When more than one profile is developed at the same time, the total -
'development costs should be divided among the related profiles, and each

increment should be amortized over the individual lives.

-

Maintenance Costs

SDS maintenance costs are required fof minor improvements to the
relevancy of the terms included in the interest profile. Such expendi-
tures as engineering labor, nonengineering labor, telephone calls, and
computer time are consumed in the profile refinement function. Changing
technology, clieﬁtele interests, and descriptors create a need for the
periodic maiﬁtenance; A sgare cf these charges must be included for the
calculation of realistic unit profile costs.

If a majof betterment to the interest profile is performed, the
necess;ry expenditures should be considered SDS development costs since
generally accepted accounting principles recommend that the cost of a
material improvement“to an asset should be added to its value.9 However,
the profile pefinement prdcess is not a major revision since its purpose
is to maintain each profile in gn effective operating condition, given

¢

the continuing customer interests.

Ralph Dale Kennedy and Stewart Yarwood McMullen, Financial State—

ments - Form, Analysis, and Interpretation (4th ed.; Homewood, Illinois:
Richard D. irwin, Inc., 1962), p. 45.
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Two major features of the SDS maintenance expenditures complicate
an objective distribution to the- individual profiles:

1. Cost increments usually cannot be identified easily
with specific interest profiles.

2. The amount of maintenance costs and the number of profile
searches normally vary from period to period so estimated
costs and SDS service activity must be utilized for distri-
bution to the profiles.

Maintenance costs cannot be identified separately for the indi-
vidual profiles since several interest profiles of a similar type
normally are serviced concurrently during the refinement process and
small labor increments often are consumed. A parallel problem is con-
fronted in the SDS operational cﬁst accumulation phase and is the
rationale behind the utilization of process costing rather than job
order. Therefore, a similar process costing technique is necessary for
the maintenance charges to prevent the requifement of minutely-detailed
reporting. The costs incurred during the maintenance process are recorded
on the appropriate source document, classified by the SDS maintenance
code (for example, SDM),to accomplish this objective.

The second complexity is caused by the irregularity of the
~maintenance expenditures from pé;iod to period. These cosis are analogouds
to those incurred in the RSS file updating function and shoﬁld be charged
to the service on the basis of estimated costs and 9xpected Qéarch !
activity. Otherwise, the normally irregular SDS maintenance charges
would produce fluctuating unit profile costs, thus hindering the determina-

tion of representative figures. The problem parallels the issue'discussed

in Chapter 3 concerning the distribution of operations overhead to the
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services. In order to overcome the possibility of volatile unit pro-
file costs, the estimated SDS maintenance charges should be averaged

over the searches expected to benefit from the refinement process.

Figure 5~4

SDS Maintenance Cost Distribution

Expected Number of Frofile Searches s = Uit Maintenamce

Normal Capacity

The rate calculated in Figure 5-4 provides the mechanism for the
application of the SDS maintenance costs to individual profiles on a
current basis. The actual expenses consumed during the profile refine-
Qent process are recorded on the appropriate.source document and reported
viafﬁhe eleétroniﬁ data processing function. At the end of an accounting
period (normally‘a year), any'variance between the actual maintenance
costs and thbse apﬁlied to the searchgs must be reconciled. The mechanics
underlying the relationship of ihe‘actual and applied maintenance charges

are discussed in the next section.

DATA PROCESSING FUNCTION

General Scope

The essehtiai'featur; of the SDS data processing function is the
classificatien ;fmth;.to;al césts on the basis of théir purpose—
operational,.deiélopnénﬁ,ténd ﬁaiﬁtenance. The cost items recorded for
each of the three elements nﬁstibéfprocessed and distributed separately
to the profiles. Developmant‘dogﬁsfrepresent the only items identifiable

with spedific interest profiles so the other two classifications must be
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averaged over.the profile searches. Source information related to the
Selective Dissemination Service is recorded and processed by the
appropriate classification to accomplish the unit costing objective. The
electronic data processing procedures described in Appendix I provide an
efficient transition from the source information accumulated during the
production operation to the permanent cost records. The essential elements

of the SDS costing process'are shown schematically in Figure 5-=5.

Figure 5-5

SDS Cost Data Processing

/SDS Transactions
1. Direct Operational Costs
2. Direct Development Costs

. Direct Maintenance Cost Dperations
Qverhead
L . Overiped
Source Keypunch Punched Computer
Documents |» Form Cards [ Run
(a) dger Accounts Profile Cost per SDS Run Profile
1. SDS in Process 1. Weighted-Average Portion Search
—™ 2. Asset 2. Amortization Charge Cost for
3. SDS Maintenance 3. Applied Maintenance Rate Finished
SDS Run

Computerized Processing

SDS labor information--catejorized as operational, development, or
maintenance—is transferred from' the daily time tickets to the keypunch
form for computerized processingi After the data are keypunched and
sorted, a computer run produces the weekly labor performance report which

lists the time spent on all three types of SDS work. At the end of each

month, the direct sundry expenses are conveyed from the source documents
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to the keypunch form for processing through the same computerized pro-
cedures. The predetermined operations overhead rate, selected from the
flexible budget, is inserted into the computer on a punched card so the
machine calculates the applied indirect charges concurrently with the

" direct labor'costs. The result is a section of the monthly cost per-
formance printo;t which itemizes the cost increments consumed during the
period for each SIS wbrk element. Abbreviated segments of the cost re-

port are illustrated for the three SDS expense elements in the following

sections.

Operational Costs

The cost performance printout contains the information required to
record the monthly SDS operational expenses in the cost accounting ledger.
In Figure 5-6, the jJob code, SD10, indicates operational charges for the
tenth SDS performance of the year while the man codes signify the cost
increments expended by the different responsibility units—-engineering,
clerical, service, and computer. Since process co;t reporting is
‘utilized on the source documents during the SDS‘performance, several
individuals within each cost center may record time for the same job
code. The totél of these charges is shown for each cost center, thus
facilitating the responsibility accounting objective. The responsibility
accounting classifications and cost terminology shown in the SDS section
of the report are identical to tﬁose discussed in Chapter 4 for the
155 segment and are explained in detail in Appendix I. Each cost item
recorded as an operational expenée is feported for individual SDS runs

with an accompanying percentage breakdown of the contribution of every



figure 5«6
SDS Operaticnal Cost Performance

Job Section . Man Hours Base Operations Total

(Cost Center) (Quantity) Cost Overhead Cost

 SDI0 Engr 101 13.25 4584 48.13 93.97
SP1I0  Engr 102 8.25 28.51 29.96 58.50
Sp10  Engr 105 18.50  64.01 67.21 131.22

~ Section Engr Total © 40.00 138.39 145.30 283.69
SD10  Cler 201 3.00 6.00  6.30 12.30
Section Cler Total 3.00: 6.00 6.30 12.30

SD1I0  Srvice 302 26.50  39.75 41.73 . 81.48
SP10°  Srvice 304 14.00 19.60 20.58 40.18
Section Srvice Total 40,50 59.35 62.31 121.66'

SDI0  Infsys 401 2.00  6.000  6.30 12.30

~ Section Infsys Total = 2.00 6.00 6.30 12.30
SD1I0  Admin 504 10 10.00 | 10.00
SPI0 . Admin 507. 50 50.00 50.00
Section Admin_Total. . o 60.00 - 60.00

© Job SD10 Total 85.50  269.7%, - 220.21 489.95

‘Section Peycéhtage of J§bf$n10' ’
S Engr' o 58.0 ;
Clefical _‘ '2.L.
Srvice 24,..0
Infsys 2. :

Admin 13.2
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cost center. The latter figure should contribute toward efficient
rFlanning and controlling of the necessary SDS resources.

If the SDS run 1s initiated and compieted during the month, the row
entitled, "Job SD10 Total," represents the total cost of the performance.
However, if the work is divided between two monthly periods, both cost
performance printouts must be analyzed to calculate the total SIS
operational costs for that performance. In either case, the aggregate
operational cost figure represents the amount which must be distributed
to the individual profile searches through the weighted-average technique

discussed earlier.

Development Lxpenditures

Essentially the same format is used for the Section of the cost
printout shown in Figgre 5=7 which contains the SDS development expendi-
tures incurred during a given month.

The job codg; SDD50, reflects development costs consumed on profile
50, and the man code reveals the specific cost items recorded on the
source documents as profile deveioxnwnt expenditures. If other profiles
are designed during the monih, s;milar information is reported for each

prcfile. Assuming the development project for profile 50 was started

_and finished during the month, the $743.75 figure represents the balance

of an asset which should be amortized over the expected life of the

interest profile. When the development process extends beyond a one
month period, a summation of the expenses recorded on the cost printouts

assoéiated with the total duration represents the amount of the asset.
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Figure 5=7

SDS Development Cost Performance

Job Section Man Hours Base Operating Total
{Cost Center) (Quantity) Cost Overhead Cost
SDD50 Engr 101 50 175.00 183.75 358.75
Section Engr Total 50 175.00 183.75 358.75
SDD50 Cler 204 5 10.00 10.50 20.50
Section Cler Total 5 10.00 10.50 20.50
SDD50 Infsys 407 10 30.00 34.50 64.50
Section Infsys Total 10 30.00 34.50 64.50
SDD50 Admin 507 300 300.00 300.00
Section Admin Total 300 300.00 : 300.00
Job SDD50 Total 65 515.00 228.75 T43.75

Section Percentages of Job SDD50

Engr L8.4
Cler 2.7
Infsys 8.7
Admin 40.2

Maintenance Costs

The segmént of the cost performance printout shown in Figure 5-8

indicates the actual SDS maintenance costs incurred during the month,

classified by individual charges. These expenditures are not distri-

buted to the profiles, however, since a predetermined maintenance rate
is charged to €ach SDS run to minimize the possibility of volatile unit

costs. The actual maintenance costs are transferred monthly from the




Figure 5-8

SDS Maintenance Cost Performance
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Job ction Man Hours Base Operations Total
{Cost _Center) Cost Overhead Cost

SD= Engr 105 6 21.00 22.05 43.05
Sp= Engr 106 8 28.00 29.40 57 .40
SD= Engr 108 10 35,00 - 36.75 71.75
Section Engr Total 2 84.00 88.20 172.20
SD= Cler - 204 8 16.00 16.80 32.80
Section Cler Total 12 24,.00 25.20 Y 49.20
SD= Infsys 401 5 10.00 10.50 20.50
Section Infsys Total 5 10.00 10.50 20.50
SI= - Admin 507 200 200.00 200.00
Section Admin Total 200 200.00 200.00

Job SD= Total 4 318.00 123.90 441,90

Section Percentages of Jobs

Engr 39.0
Cler 11.2
Infiys B 4.8
Admin . 45.0

printout to a ledger account for control piu'poses. A reconciliation

between the actual costs reported on the monthly printouts and those

applied to the searches nns£ be %nrforhgd at»thé'ond.of the year to

determine the cause of any variar.xlce' and to close the difference to the
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The total costs are distributed to the individual profile subsidiary
accounts by the weighted~average process so a unit operational cost is
registered for each SDS profile éearch. Figure 5-9 reveals the essential
features of the cost accounting flow'utilized for the operational charges

of the hypothetical profile 50.

Figure 5-9
SDS Operational Cost Distribution
(Cost Distribution Decision Rule)
[ Abstracts Identified |
Total Opera Total Operational x for Profile 50
: tional Cost Costs per SDS Run Total Abstracts
r SDS Run Identified for SDS
Run
L | %SDS in Process *SDS in Process - Profile 50
. Total Operational , 1. Operational Costs
Costs 2. Development Costs
2. Total Development 3. Maintenance Costs
Costs
3. Total Maintenance
Costs _ _
General ledger Subsidiéry Ledger

#The three entries are recorded to SDS in Process for each SIS run.

Development expenditures. A subsidiary ledger account is organiied

for each profile development project, classified by the interest profile
numbers. A control account, SDS Deveiopment, provides a record of the
total profile development charges and represents an asset shown on the
balance ;heet. The development charges are transferred to the subsidiary
accounts from the monthly cost pgrformance printout, and after each
design stage is finished for a functional profile, the amortiza£ioﬁ rate

| ' :
applicable to every SDS. performance is charged to the appropriate
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subsidiary SDS in Process account. An entry reflecting the total period
amortization is recorded in the SDS in Process control account. The cost
flow of the SDS develorment process is illustrated for the hypothetical

profile 50 in Figure 5-10.

Figure 5-10
SDS Developmeirtt Cost Distribution
#SDS in Process

1. Total Opera-
ual Profile Develop-| zation Per SDS tional Costs General
ment Costs Run —> 2. Total Develop=- Lledger
th ment Costs
ngstly ) 3. Total Mainten- ‘
Perfor- SDS Development - Profile 50 ance Costs

mance Development Costs Amortization Per
Recorded for Pro- SDS Run #5pS in Process-Profile 50
file 50 1. Operational
Costs
2. Development Sub-
Costs sidiary
3. Maintenance Ledger
Costs

#The three entries are recorded to SDS in Process for each SDS run.

Maintenance costs. A balance of the actual maintenance expenses is

sustained by transferring the monthly charges recorded on the cost print- ‘
outs to a general ledger account, SDS ﬁaintenance. Instead of applying

the same figures té the profile searches, the predetermined rate discussed
earlier is utilized to minimize the possibility of volatile unit costs.

The credit side of the maintenanée account indicates the total costs

applied, and at the end 6f an annual period, any difference between the

actual and applied figures should be reconciled. If the applied costs

exceed those incurred, the variance should be credited to the Cost of

Services account. When the opposite relationship prevails, the difference
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is charged to the same account, thus increasing its balance. The cost
accounting flow for the SIS Maintenance costs is illustrated in Figure

5-11.

Figure 5-11

SDS Maintenance Cost Distribution

#58DS in Process

1l.Total Operation-
al Costs
. 2.Total Develop- General
SDS Maintenance Costs -J,a.?gzzlcﬁzzzten_ Ledger
Monthly F>Actual Mainten- Apblied Maintenance ance Costs
Cost ance Costs for Costs for Total SDS
Perfor-{ Total SDS Process| Process

*SDS in Procega-Profile 50

. 1.0perational
Costs
Estimated Anmual SIS Maintensnce  Appiied - mever T ‘?iig;ami
Costs = Maintenance 3,.Maintenance Lecger
Number of Profile Searches @ Nor- Cost Rate Costs
mal Capacity Per Profile
Search

#The three entries are recorded to SDS in Process for each SDS run.

Finished SIS Performance

After an SDS run is completed, thé related costs in process are
transferred to a Finished SDS control account. The unit profile costs also
are transferred to a group of inﬁerest profile subsidiary ledger accounts
which support the control accoun?. The result is a complete record of
all SDS costs, classified by per%ormance, incurred by the center. The
Finished SDS subsidiary ledger accounts represent itemized listings of
the unit profile costs related to each search process. Figure 5-12

i1lustrates the SDS in Process -;Fihished SDS relationship.
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Figure 5-12

Finished SDS Cost Accumulation

!

SIS in Process Finished SDS

1.Total Operational} Total Unit Total Cost- al

Costs Profile ————»Individual G—ie&r——
2.Total Development| Costs SDS Run Ledger

Costs
3.Total Maintenance

Costs

SDS in Process - Profile 50 Finished SDS - Profile 50
1.0perational Costs | Unit Profile Profile 50 Sub-
2.Development Costs | Cost ————»Cost - Indi sidiary
3.Maintenance Costs vidual SDS ledger ‘

Run .

Unit Profile Cost Summary

The result of the transactions described in the SDS data processing
function is a unit profile cost which is based on a'portion of the three
service cost elements--operational, development, and maintenance. The
comparatively homogeneous nature of the production units constrains any
objective attempt to trace specific cost items to the related interest
profiles during the information searching operation and the profile .
refinement process. Only the development expenditures are chargeable to
individual profiles since the in?erest prdfiles are relatively hetero-
geneous during the development stage. - Consequently, the operational and
maintenance expenses are costed through a process costing technique, and

the development expenditures of each interest profile are amortized over

'future SDS runs. The result of the SDS cost accounting process is a unit

profile cost which consists of the following three cost elements:
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1. A weighted-average portion of the operational costs,
. determined by the relative number of abstracts identified
for each interest profile.

2. A share of the profile levelopment costs based on the
amortigzation rate.

3. A portion of the SDS maintenance charges applied on the
basis of estimated costs and search activity.lo

REPRESENTATIVE SDS PRICING

General Nature

The array'of unit profile cost data must be condensed into a
representative value or set of values for pricing purposes. Since the
pattern of abstract identification activity heavily influences the
unit pfbfile cost, numerous pricing ar;angenents are possible. If
management prefers to offer more than one p;ofile price, charges based
on the average number of abstracts identified by the computer during
numerous SDS runs (referred to as the average profile pull) provide
objectively determined prices. This procedure recognigzes the unit
variable operational cost behavior that is dependent on the size of the
pfofile pull. Such a pricing method also should be equitable to the

clientele since they should benefit from individu;l ﬁrofiles in relative

proportion to the conpﬁter abstract identification activity. Assuming

the profile is developed and maintéinod effectively, the magnitude of the

101 reference to footnote 15 in Chapter 3, a user of the cost
system may employ a formal cost accounting journal as a record of
original entry for the following items not reported on the monthly cost
performance printout: (1) Amortization charge per profile search;

(2) Applied SIS Maintenance cost per profile search; (3) Transfer of
-finished profile searches to the Finished SIS control account. The
combination of the monthly computer printout and the Journal provides a
‘complete record of the source of the entries to the ledger systen.
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profile pull should be a relati&e measure of a client's benefit from an
interest profile since the objective is tp provide a current awareness
service. If the profile does not generate a sufficient amount of
relevant abstracts in relation to the computer pull, it no doubt will
be overpriced and unsatisfact&ry to the client. |

The unit profile searcheS can be classified in a frequency distri-
bution which is based on the abstract pull per interest profile. The
frequency distribution indicates the number of times a particular pro-

file pull occurs for a given range of values. The resulting array can

be divided to coincide with any number of price levels selected by
management. Or, if a single profile price is desired; the SDS cost data
can be transformed into a representative value by the calculation of an
estimate of the éverége unit profile cost which offers the same advantages
as ﬁhose discussed in Chaptér 4 for ﬁhe Retrospective Search Service.
Regardless of'whethér a single value or several values are calcu-
lated, a mark-up must be added to account for the selling and admini-

strative costs. The purpose of this section is to ‘describe two general

pricing policies, a single price plan and one based on varying levels.
‘These?cqncepts can be revised and extended to satisfy the specific

operating conditions and management requirements of a given NASA Regional

Dissemination Center.

Single Profile Price

Essentially the same survey sample design principles discussed in
Chapter L are applicable for the computation of an average unitbprofile

cost. The universe of unit costs contained in the Finished SDS sub-

sidiary ledger are sampled randomly for the calculation of a reliable



159

estimate of the mean profile search cost. A sample size is selected

on the basis of the allowable ringe of error around the true mean and
the desired probability of the estimate being within the interval.

Each profile search is numbered, and the data are ordered according to
the magnitude of the digits. For example, if 300 profiles are serviced
2L times a year, the schematic diagram shown in Figure 5-13 represents

the 7200 observations (individual profile search costs) in the SDS cost

population.
Figure 5-13
SDS Unit Profile Cost Universe
Profile Number 1z 3 L oo e e e e e e 300
SDS Run
1 1 25 L9 T3 ¢ e o o v o o o o 1177
2 2 26 50 Th + o« o o o o o« 7178
3 3 2 51 75 « o o o v oo o719
4L L 28 52 76 « ¢ ¢ ¢ ¢« o« « « « 7180
24 % 48 T2 9% 7200

A random sample is selected from a table of random digits, employing
the same procedures as those suggested for RSS cost estimation. The

sample mean is calculated as:

x = L X where  x;
n

I

a unit profile cost selected for the
sample

n = the selected sample size.

®1

= the average unit profile cost of the

sampled elements.
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A portion of the estimated selling and administrative costs must be
added to determine a full-cost basis. The sample information also is
utilized to estimate the mean direct labor costs related to the average
unit profile cost. Using the full-cést conceﬁt déveloped in Figure 3-=4,

a selling and administrative cost increment is computed as:

Selling and Administrative Expenses
@ Normal Capacity x Average Direct Labor
Direct Labor Costs @ Normal Capacity Coat per Profile Search

The calculated rate is added to the average unit profile cost

determined from the sample information to complete the full-cost ob-

jective. A share of all operating costs-—development, operational,
maintenance, selling, and administrative are taken intoAaccount with this
procedure. Therefore, a price based on the full-cost unit profile charge
should contribute toward the breakeven pricing objective. The cost in-
formation also should be essential for planning, controlling, and general

decision making in the operation of a NASA Regional Dissemination Center.

Multi-priced Profiles

If management prefers to offer more than one profile price, the SDS ‘
population cost data can be utilized in a stratified sampling plan. ‘
Instead of calculating a sample meén to ser#e as a single representative
value, the frequency distribution of the SDS profile pulls can be
stratified to coincide with the desired number of prices. Stratificatién
is achieved by dividing the distribution into groups such that the elements
within each group are more alike than the observations in the universe as

a whdle.ll A stratified sampling model generally is used to obtain a

Uporris H. Hansen, William !i. Hurwitz, and William G. Madow, Sample
Survey Methods and Theory (New York: John Wiley and Sons, Inc., 1953), p. 40.

’
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more precise estimate of the overall population mean, but in some cases
the individual stratum means are the parameters of interest..l2 Ir
multi-priced profiles are desired, the strata can be established such
that their mean costs serve as the SDS pricing bases.

Since the largest single service cost element is operational
expenses, the unit profile charges tend to vary in relative proportion
to the number of abstracts identified. Also, the client's utility
should be correlated positively with the magnitude of the profile pull.
Consequently, the number of identified abstracts per interest center on
each SDS run offers an effective mechanism for classifying the popula-
tion of profile searches for costing purposes.

Management must decide how many profile prices to make available.
Each profile search is assigned a number which identifies a particular
intereét profile and a specific SDS performance. The frequency distri-
bution of the profile pulls of a given period .is calculated and
stratified on the basis of the number of abstracts identified per pro-
file to coincide with the desirea number of prices. For example, assume
that management has decided to offer four profile prices for the 300
profiles mentioned earlier. The profile pulls related to each search
are obtained and accounted for in varying intervals of a frequency

distribution shown in Figure 5-14.

learry V. Roberts, Statistical Inference and Decision (Chicago,
Illinois: Univergity of Chicago, 19633, p. 14=26.
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Figure 5-1

Profile Pull Frequency Distribution

“

Frequency - Frequency of Profile Pull

360 | |
2000
612 1800
1188 1600
1512 1400
1200
1368 ; 1000
1152 800
576 600
400
A32 200

7200

1 26 51 76 101 126 151

Since four profile prices are desired, the frequency distribution

is divided into four strata on the basis of the abstracts pulled per

profile. The ranges of the subpopulations and the number of elements

within each are revealed in Figure 5=15.

Stratum

1

2
3
4

Figure 5-15

SpS Stratification Plan

‘Range Number of Elements Sample Mean
1-50 ’ 972 x;
51-100 | 2700 x,
101~150 | 2520 x4
151-200 1008 x,

176 2
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Each stratum represents a subpopulation which is of experimental
interest since management requires four profile prices. The next step
is to iden;ify the costs of each.element of the four subpopulations.
The predetermined numbers assigned to the individual profile searches
permit the matching of stratum élements with unit costs recorded in
the subsidiary ledger. A simple random sample, based on the same
principiés as those employed in the calculation of a single mean, is
selected from eacﬁ stratum to determine estimates of the subpopulation
means. Since it appears reasonable to assume that sampling costs per
element and the variability within each subpopulation are relatively

_constant, proportionate stratified sampling is utilized.13

If these
two conditions do not prevail in a given case, optimal (nonproportionate)
sampling should be employed. Proportionate sampling means that the

sample is allocated to the strata ih the same proportion as the total

number of observations pef stratum which means that:

sample for the hﬁh stratum.

nh _ Nh where: nh
n N

Nh = number of elements in the
hth stratum. (In this case,
h ranges from one to four.)
n = total sampie size.

total observations in the

=
i

population (7200).

131bid., p. 14-25.
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The sample mean is selected for each stratum as:

zﬁ = 3Xn4 wtere: h = a particular stratum.
nh )

the ith element chosen from
the hth stratum.

n, = sample size selected from the

hth stratum.
Eh = sample mean of the hth stratum.
The stratum means provide unbiased estimates Sf the subpopulation

averages which are desired as the bases of different profile price levels.
The average direct labor costs per subpobulation also are estimated from
the samples selected from the strata and are utilized for the determination
of selling and administrative expense mark-ups. The average direct labor
co;ts per subpépulation are multiplied times the selling and administrative
factor calculated in Figure 3-4. The result is four profile prices, based
on full costs, which diffpr'according,to the number of abstracts identified
for a given profile. Management can price a particular profile by comr‘
puting its average abstract pull during a giveh period and categorizing it
in the corresponding stratum. When a new profile is being priced, his- |
torical information regarding its abstract pulling activity will not be
availablé. In such cases, the best estimate of its future output should
be determined by management and the responsible engineer, using all known
relevant information. The engineer ﬁay have serviced a similar interest
profile and can use its average abstract pull as a prediction of the new
.profile's activity. If a valid estimate cannot be forecast, an objective
solution would be to price all new profiles at the overall average ab-

stract pull and then adjust to the appropriate stratum when actual activity
t

data are available,
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CHAPTER 6

STATISTICAL COST CONTROL

INTRODUCTION

General Objective

The purpose of this chapter is to describe a statistical cost con-
trol system that will verify theirelative performance of the direct costs’
consumed during the information uearches. A statistical approach requires
substantially less human effort than is necessary for a formal cost
accounting system. For example, since every cost increment is recorded
and processed when the proposed cost accounting system is applied in a

NASA Regional Dissemination Centir, a substantive contribution is demanded
3

of each staff member responsible‘for a segment of the work activity.
Clerical work and managerial analysis time also are required to supple-
ment the electronic data processing function.

Vance summarizes the potential advantages of statistical cost con-
trol as follows:

Where a substantial volume of product is made or some
process or operation is done freguently and no continuous,
formal cost accounting is done, we can gather cost infor-
mation and, therefore, exercise cost control by estimating

. the unit cost from a sample. For example, we may take a
sample of time cards for a certain operation and estimate
the unit labor cost from them for the period in question.
Note that this invokes all the advantages of other appli-
cations of sampling theory. We can determine how large
a sample to take to give the degree of precision we want
in the estimate. We can balgnce the cost of the sampling
against the quality of the result we want. We can use
the devices of scientific sampling to determine what items
to include in the sample. We can eliminate, if we are
careful, the biases that result from use of personal judge-
ment alone in selecting and, evaluating samples. In view
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of the fact that complete, formal cost accounting is often

considered much too expensive to justify its use,in small

_industrial operations, this should appeal to many cost

accountants and to many managements as a means of obtain-

ing cost data scientifically at a reasonable cost.l

The statistical cost control model represents a probabilistic
technique that will confirm whether or not the direct costs incurred
during a retréspective or profile searching process remain "in control"
when compared with a predetermined target. If the proposed cost
accounting system is utilized for a duration which is long enough that
reliable cost data are obtained, these values can serve as the targets
of the cost control model. Retrospective and profile search costs are
sampled monthly and compared statistically with the predetermined

representative values to verify the control status of the search cost

processes.

Statistical Cost Control

e

The statistical cost system is based on the theory of statistical
quality control, the objective of which is to ascertain whether or
not # given process performs within certain desired control limits.
Sample information is obtained regularly from the process and re-
corded on control charts to isolate operating procedures which require
madégement investigation. Grant describes a state of statisitcal con-
trol in the following way:

Measured quality of manufactured product is always

subject to a certain amount of variation as a result
of - chance. Some stable "system of chance causes" is

, lLawrence L. Vance, "Capsulgq Cases in Statistical Cost Control,"
N.A.C.A. Bulletin, XXXVI (January, 1955), p. 688.




167

inherent in any particular 3cheme of production and

inspection. Variation within this stable pattern is
inevitable. The reasons for variation outside this

stable pattern may be discovered and corrected.?

Bowman and Fetfer discuss cost control as a possible application
of a statistical quality control model as follows:

The variation in the cost of producing some item may
be discovered by an analysis of past performance. Through
application of the technique of statistical control, the
expected value and limits of variation of this cost with
a stable chance cost system may be discovered and thus
a mechanism established for identifying assignable
causes for variation in cost. Furthermore, the tech-
nique aims at improving the cost performance by the
following: .
1. Directing attention it both mean costs and
variation in cost.

2. Discovering causeg for good, as well as poor,
cost performance. *

The conventional use of a statistical control chart in the cost
~accounting area is for the disclosure of materially unfaforable

4L

variances from predetermined standard costs.” However, in such cases,
the st;tistical device merely supplements a cost accounting sysfem.
The objective éf the model deve;oped in this chapterJis~cost control
without a formal cost accounting system. Instead of accounting for

every production unit, a random sample of information searches is

selected, and the direct costs consumed for the sample are recorded and

i

2Bugene Grant, Statistical Quality Control (3rd ed.; New York:
McGraw-Hill Book Company, Inc., 1964), p. 3.

3Edward H. Bowman and Robert B. Fetter, Analysis for Productlon
Management (Rev. ed.; Homewood, Ill1nois Richard D. Irwin, Inc., 1961),
p. 158.

Mioward L. Timms, The Production Function in Business (Rev. ed.;
Homewood, Illineis: Richard D. Irwin, Inc., 1933), P 6L5.




processed. An inference is drawn from the sample information concerning
the entire universe of search costs withqut a detaiied set of‘accounting
records. Parameters of interest are calculated for each sample and
recérded on statistical control charts to measure their performance.
Since the sampling teéhnique is based on probability theory, the data
should be representativé of the entire collection of searches. Con-
sequently, cost control of the direct search cbsts, in relation to those
included in a NASA Regional Dissemination Cen£er's price schedule, is

achieved in an efficient and economical procedure.

MODEL DEVELOPMENT

General Theory

Fabrycky and Torgersen describe a statistiéal quality control
chart as, "a graphicai representation of a mathematical model used po
monitor a random variable process'in 6rder to detect changes_iﬁ a
parameter of that process."5 Thé techniéue is utilized to verify the

output of a particular process which is hypothesized to be "in control" .

as long as the only variation occurs from rahdom sources. In a NASA
Regional Dissemination Center, the direct search éosts represent the
process that must be controlled to insure that current costs compare
{'avorably with representative values. Statistical cost control limits
are establisﬁed on two charts, and probability theory is employed to

predict the deviation in cost performance that is attributable to chance.

W. J. Fabrycky and Paul E. Torgersen, QOperations Economy: In-

dustrial Applications of Operaticns Research (Engleuood Cliffs, New Jersey:
Prentice-Hall, Inc., 1966), p. 1<
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Random samples of information searches are selected monthly, and the
relevant statistical paraineters are recorded on the related control
charts. If a sample value is registered outside the predetermined
control limits more frequently than expected from random error, the
cost process is defined as "out of control," and managerial investiga-
tion is warranted. When the process is "in control," the sample values
fall within the acceptable raﬁge, and future cost performance can be
predicted on the basis of past cost béhavior.
| Therefore, a statistical in}erence is performed from the random
sémpies that are selected periodically. A null hypothesis is proposed
that the search cost process from which each sample is obtained remains
relatively uﬁchanged when related to predetermined cost targets. The
sample values are plotted on the statistical control charts to test the
null hypothesis. If the cost parameters are within.the desired control
limits, we conclude that no assignable causes of variation ére present
since the deviation conforms to a predictable statistical pattern.
Duncan lists the following advantages of Quch a statistical control
. chart:

1. . A control chart is a device-for describing in con-
crete terms what a state of statistical control is.

2. It is a device fdr attaining control.

‘3. It is a dgvice for judging whether control has been
attained. - o : . :

The essential compohents of the statistical cost control model are

an X chart (mean chart) and an R chart (range chart). The former is

Oacheson J. Duncan, Quality Control and Industrial Statistics
(3rd ed.; Homewood, Illinois: Richard D. Irwin, Inc., 1965), p. 338.
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employed to discover changes in the mean of the cost process while the
latter is utilized to measure thle performance of the dispersion, as

‘ ]
measured by the range of the sam>le cost data. Both parameters are

calculated for each sample and recorded on the related chart to determine

the control status of the search cost process.

The X Chart

The X chart measures variations in sample cost means. A central
line is established to coincide with the null hypothesis concerning a
representative average direct search cost, and the control limits are
based on the characteristics of a normal probability distribution. The
Central Limit Theorem states that an approximately normal distribution
exists for the sample means. Ho:l explains this concept as follows:
If x has a distribution with mean v and standard
deviation o for which the moment generating function
exists, then the variable t = (x = u) vn/c has a
distribution that agproaches the standard normal as
n becomes infinite.
Even when small samples of size four or five are selected, the
Central Limit Theorem insures approximately normal behavior for the
8
sampling distribution. Duncan suggests that samples of size four or
five offer the advantages of lower costs and less chance of a change

9

occurring during the sampling stage than larger samples.

"Paul J. Hoel, Introduction to Mathematical Statistics (3rd ed.
New York: John W11ey and Sons, Inc., 1962), p. 145.

81bid., p. 146.

9Acheson J. Duncan, op. cit., p. 396.
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The average direct search cost is calculated for each sample and
registered on the control chart to verify whether or not it is within the
range of a predetermined target cost plus and minus the desired control
limits that are represented by k 0. The standard deviation of the
sampling distribution (defined as o%x) represents the variation of the
distribution underlying the null hypothesis and k indicates the required
precision of the control device. It can be shown that the following

values for k determine the corresponding areas of a normal distribution:

If k=1, X+ 105 = 68%
If k =2, X *2o0x = 95%
If k=3, X+3ox =99.7%%°

Thus, if + 2 O% are selected for the control limiiﬁ, only 5 out of
100 sample means would be expected to fall outsid; the acceptable range
due to random behavior. The choice of k}should depend on an economic
trade—ofl Eetween the costs of a sample mean falling outside the control
limits when the process éétually is "in control" and those incurred when
the paraméter is inside the required range, but the process is'"dut of
control."” A decision rule.is developed in a later section for the
accomplishment of this opjective._ Once an appropriate value for k is
defined, the control limits of the X chart are established, and the
probability of chance variation éutside the limits is known in accordance

with the corresponding area of a normal distribution.

.The. standard deviation of th sampling distribution is computed as:

1Y
o g = o//mn whereg = I iili:—&l—

1‘O'I'he parameter X is the same as u and both refer to the population
mean. '

st
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However, the laborious calculatisns required for this statistic

can be avoided by utilising the range, R, which provides a sufficiently
stable estimate of the variation when small samples are selected.

The range is defined as the difference between the lowest and highest
value in each sample, and it is related to the standard deviation for
the determination of the control chart limits as follows:

=R/0  where R

d2 the mean of the sample ranges.

g = process standard deviation.
The term d,, which represents the expected ratio between the average
range (R) and the standard deviation (o), has been computed for various
sample siges and can be found in published tables.l2 Therefore, the
standard deviation of the sampling distribution can be estimated in the
following way:

oz = o//n = R/d,/n

2
The result is a pair of control limits for the X chart that are

defined as:
X + kR - .
%—75 Uppex.‘ Control Limit
X-kR = jower Control Limit
dy /i
Where ; = the average direct search cost established as a
target . :
k = the balance between the costs of a needless

investigation and those of an undetected process.
that is "out of control.”

llRobert B. Fetter, The Quality Control System (Homewood, Illinois:
Richard D. Irwin, Inc., 1967), b 52.

P t
12gygene Grant, op. cit., pb. 561.
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R = average sample direct cost range

d2 = expected ratio between the average range and
standard deviation

n = sample size

»
&

Figure 6~1 illustrates an X chart that can be utilized for
statistical cost control with the predetermined limits. Unit search
costs are sampled monﬁhly, and the éverage of each sample is recorded

on the chart to verify its relationship with the predetermined standard.

Flgure 6-1
X Cost Control Chart .

Upper Control Limit i + KR
dp Jjn

Targeted Average Direct. Search
Cost X

Lower Control Limit X - kR N - .
V3 J FMAMUJJIASONTD
Months of the Year

[}

The R Chart

Essentially the same procedure is followed in the construction of .
the R chart excgpt the parameter of interest is the range which repre-
sents a measure of the direct search cost dispersion. The range is |
calculated for each sample and compared with R which is hypothesized
to be the mean range of the cost process. If the null hypothesis is
true, the R values should behave within predetermined control limits
acgording to the prescribed conditions of the normal distribution. The
control limits are established at + k 9p with N representing the standard
deviation of the distribution of sample ranges. This statistic is com=
puted from a standard value for the process standard deviation, q. If a

sample range is recorded outsideythe prescribed control limits, evidence
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of nonrandom variation exists, or in other words there is a strong
inference that the search process is "out of control" cost-wise.
The control limits of the R chart are established by estimating

o... Bowman and Fetter suggest that a reliable estimate can be calcu-

R
lated as follows:

= zi- where: is the standard deviation of the
o :
R owad O¥  sample values of R/ o.

d; is the expected ratio between the

average range and the process standard
deviation.

R is the average range of the process.13
O has been calculated for various sample sizes and is tabulated
in published tables, commonly defined as d3.14 Therefore, the control

limits of the R chart are computed as:

n.l:vl .

R+ kd, = Upper Control Limit
2

R - kd3 %“ = Jpwer Control Limit
2

Once again, the determination of k defines the desired control
limits and requires the same economic considerations as those relevant
for X. These are discussed in the next section. Figure 6-~2 illustrates

the basic features of an R chart applicable to the cost control function.

1
3Edward H. Bowman and Robert B. Fetter, op. cit., p. 173.

ipcheson J. Duncan, op. cit., p. 908.
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Figure 6~2
R Cost Control Chart

Upper Control Limit R + kd3 E_
d
2

Targeted Average Direct Search
Cost Range R

Lower Control Limit R - kd3 R_ i , ‘
&2 J FM AMUJIJIASOND
Months of the Year

Control Limits

The customary procedure in statistical quality control is to choose
the control limits with the objective of minimizing the chance of in-
vestigating sample values recorded outside the acceptable area when
the process actually remaihs "in control."15 However, adopting a Bayesian
decision theory approach, the selection of a significance level in a
test of hypothesis should be based on the seriousness of a (probability
of a Type I error) and B (probasility of a Type II error) rather than

the former alone.16

The number of standard deviations, k,for o x and
9 rs should be established for the cost control charts on the basis of
an economical consideration of the two types of error. The null
hypothesis is specified that the search cost process is "in control"
when compared with the central values of the charts. If a sample value

for either X or R falls outside the control limits without a signifi-~

cant change in the unit direct search costs, an unnecessary investigation

151bid., p. 342.

léHarry V. Roberts, Statistical énference and Decision (Chicago,
s P.

Illinois: University of Chicago, 196 11A-6.
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might be performed to determine the cause. Consequently, a Type I error
occurs since a true hypothesis is rejected. The probability of such an
event happening is defined as a, which determines the significance
level of the test and is a function of the chosen control limits.

A Type II error arises when a sample value is‘recorded within the
sfecified control limits, but the process is actually "out of control,"
causing an acceptance of a false hypothesis. The probability of this
error is referred to as 8 and is dependent upon the frequency disﬁri—

bution of the shift of the process to an "out-of-control" state. If the

control limits are established wide apart (k is large); a will be ex-
tremely small. For example, if Xt 3 oX is used for the X chart, the
probability of a Type I error occurring is only .003. However, with wide
control limits, the chart is not likely to detect small shifts in the
average unit search costs so the probability of making a Type IT error
may be significant when the distribution of the changes is considered.
Cost performance data should be recorded and studied so that a frequency
distribution can Se derived for the previous deviations from the tar-
geted cost paramete‘rs . | | '
| Both £ypes of error will be eiﬁensive for a NASA Regional Disseﬁinaé

tion Center if statistical cost contrel is empléyed so their consequences

mﬁst be evaluated carefully for ihe_célculation of appropriate control

limitﬁ. A Type 1 error results in needless costs for the investigation

of sample values ouiside the coﬁtrol limits Qhen the direct seargh costs
are.actually "in control." Lost revenue arises from a Type II error since

the actual direct search costs are actually "out of control," but un-

detected, when compared with the standard figures utilized for pricing

purposes. The latter condition is detrimental to the breakeven objéctive

of & NASA Regional Dissemination Center.
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Management must evaluate the seriousness of the two types of error
in-a given case and select k, the number of standard deviations,
accordingly. In order to illustrate the determination of an appropriate
k, we assume that management has determined that the two errors are
equally serious since the cost of a Type I error is equal to the cost of
a Type II error.’ Also, the null hypothesis is proposed that the repre-
sentative average direct search cost should be $50 with ox estimated as
$5. Past records indicate that the average upwérd shift of the cost
process to an "out-of-control" state has been $15, distributed with the
same shape and dispersion as that underlying the null hypothesis. Since
the two kinds of error are consiaered equally serious with the same
frequency distributioh dispérsion, the intersection of the normal curve
underlying the null hypothesis and that of the alternative hypothesis
defines the optimal value for k; The appropriate relationship is shown

in Figure 6-3 for the upper control limit.

Figure 6-3

Optimal k-~value for Upper Control Limit

Optimal k
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Using'the standardized normal formula, the distance from the mean
to a given value on the distribution is expressed in units of the

standard deviation as follows:

Applying this formula to the distributions underlying the null
and alternative hypotheses, H and A respectively, two equations are ob-~

tained that can be solved simltaneously for the optimal value of k.

k=% =50 = 5k =X = 50
5
k=65 -X = 5k =-x+ 65
5
10k = 15
k = 1.5

Therefore, the obtimal value of k sets the upper control limit at:
X+ 1.50% =50+ 1.5 (5) = 57.5
The same philosophy can be utilized for the determination of the
lower control limit. Consequently, both values of k are derived as a

function of an economic trade-off between the seriocusness of the two

types of error. The exact relationship between the Type I and Type 11
errors can bevcalculated to coincide with the operating conditions of a
given NASA Regioﬁal Dissemination Center.

Arbitrary control limits may be necessary in the initial stages
of statistical cost control before a sufficient amount of information
concerning the frequency distribution of a shift to an out~of =control
state and the relevant costs is available. In such cases, 13 o; and

13 op provide reasonably good approximations to the optimal limits.17

17scheson J. Duncan, op, cit., p. 343.
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MODEL APPLICATION

Representative Search. Costs

The null hypothesis of the proposed statistical cost control model
is based on.the assumption that répresentative values of X and R are
available. These parameters aie employed as measurements of thé cost
control status of the information searching process. An extensive
application of the cost accounting system that was presented earlier
should generate a reliable set of cost targets. The same sample informa-
tion that is used for the determination of service prices (See Chapters
4 and 5) also can serve ;3 the source of the representative direct
search costs. The sample data can be tested for consistency between
months with the analysis of variance model.described in Chapter 3.18
Once dependable values are designated, the costs of the search processes
are hypothesized to be in a state of stable controi as measured by ; and
R. As long as the production costs remain "in control," the sample
valﬁes'of each parameter should be recorded within the desired control
limits of the appropriate chaft; if a value falls outside the acceptable
range, managerial action is necesséry to determine the cause of the
variation.

Direct labor and direct sundry expenses represeht the oniy costs
which can be related to specific searches during the production proceés.
Such items as operations overhegd, mainfeﬂance expenses, and profile
develomment expenditures are chafged to the individual searches on the

basis of an estimation méthod when a formal cost accounting system is

. 18The use of the analysis of variance model to test the assumption
“that monthly average search costs are equal is illustrated with the test
period data from ARAC in Exhibit III. ' .
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employed, as is explained in Chapter 5. Consequently, the direct charges
represent the only portion of the total unit searéh cost that is con=-
trollable by the responsible employees during the production process.
Since the indirect costs are not measurable during the search operation,
they are not suitable for statistical cost control.

Any deviation in the behaviSr of the applied indirect charges per
search is caused by a fluctuation in the amount of recorded direct labor
costs. Operatiéns overhead, profile maintenance, and RSS file updating
expenses are a linear function of the direct labor costs recorded for
cach search since they are absorbed on that basis. Also, the development ‘
costs incurred for a profile are amortized over the expected life of
the profile so the unit rate chafged to.each profile search is a constant.
Therefore, the total unit search cost can be considered as a linear
combination which is dependent oaly upon the random variable, direct
search cost. As a result, the total unit cost should vary proportionately
with the direct expenses, and the cost process can be controlled

statistically by accounting for the direct costs of sampled searches

from each service category.

If management requires & unit searéh charge ;hat ihcludea a portion
of all operatingréosts, the estimation procedures used for the applica-
tion rates in the férmai cost accounting system can be employed to
distribute a share‘bf the indirect charges. The primary limitation which
results from the cqnsidetation of the applied'indirect costs exclusively

is the fact that they must be_aésﬁmed equal to the actual indirect

charges since complete cost accounting records are not maintained in the

statistical cost control system.
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Although a center will not possess a complete record of each
indirect cost. item incurred during an amnual operation, an inference
concerning the control status of the indirect expenses can be performed
on the basis of deductive reasoning. By defihition, the direct service
costs plus all indirect expenses (maintenance, development, operations
overhead, selling, and administrative) must equal the topal operating
expenses. Management should perfbrm an ehd-of-thedyear audit to insure
that the total operating expenses relate favorably with those forecast
for the cost basis of the pricing schedule. Even though the cost
accounting records no longer are maintained with the statistical model,
the financial accounting system must be operated to process and disburse
the center's expenditures. |

Manacement can use the financial accounting information for an
analysis of the magnitude of the operating costs despite the fact that
the expenses cannot be related to the services. Since the objective of
a NASA Regional Disseminati§n Center is to operate at a breakeven
revenue level, management must be certain that the total costs are not
greater than those included in the full=-cost pricing basis. The use of
statistical cost control for a continuous and economical verification of
the production costs and the supplementary'annual analysis.of the total

operating expenses should facilitate the objective of a center.

Sampled Service Costs

A random sample of five searches from each service category,
fétrospective search and'aelectiye dissemination, is chosen every month
‘ : i ’
for statistical cost control purposes. The same randomization procedures

discussed in Chapter 4 also are applicable in this section. The random
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choice assures a high probability that each sample will be representative
of all searches performed for the respective service during the peridd.
A sample cost sheet, illustrated in Exhibit XVI, accompanies each search
as it progresses through thé proluction process so all unit direct
charges are recorded on the same source document. Therefore, instead of
the numerous forms and records required for a formal cost accounting
system, this single sheet satisfies the cost collection objective.
Essentially the same principles as those presented for the proposed cost
accounting system are émployed during the recording process. All engi-
neering and nonenginegring labor; telephone calls, computer time, repro-
duction charges, and miscellaneous direct expenditures are registered

in the physical quantities consumed on the sample cost sheet. When a
sampled séarch is completed, the quantiti of each input is converted to
the proper cost increment, and an aggregation of the individual entries
represents the direct search cost for that unit.

Consequently, each search which is‘sampied from both the Retro-
spective Search Sefvice and the Selectivé Dissemination Service is
treated as a uniqué unit for costing purposes. The procedure is similar
to the job order costing technique employed for the Retrospective Search
Service in_the formal cost accounting system discussed in Chapter 4. This
apbroach is not feasible for the\Selective Dissemination Service when
every interest profile is accounted for since the relatively mimite
cost inputs and interrelated service activity would demand prohibitively
detailed reporting by the responsible personnel. However, it is
hypothesiged that each profile séarch can be considered a sepgrate Job
in the statistical cost system sihce a coﬁparatively small number of

units must be accounted for each month. The sampled searches should
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require a minimum amount of work by the responsible employees as they
record the related direct costs tonsumed during the production
process. Detailed performance records are no£ necessary since the
employees only register their contribution to the five searches of

each service category which are included in the samples.

Illustration of the Model

The objective of this section is to illustrate the utilization of
the statiétical cost model to control RSS costs for a twelve month
period in a hypothetical NASA Regional Dissemination Center. We assume
that the unit cost data for 980 retrospective searches perfofmed during
the previods year are available in the records of a formal cost
accounting system. The samples shown in Figure 6-@ have been selected
randomly for the derivation of representative térgeta for the mean and

range of the RSS cost pérformmnce. On the basis of the sample data,

Figure 6-4

Sampling for Rep?esentative Cost Targets

© Sample RSS Unit Direct Costs Me Range
Number i ' ! R
1 $52.60 51.80° 51.40 46.40 50.80 50.60 6.20
2 55.40 46.80 52.10 47.10 50.60 50.40 8.60
3 52.40 45.60 55.20 48.40 50.40 50.40 9.60
4 55.70 46.20 48.10 51.80 49.20 50.20 9.50
5 46.60 49.50 53.70 49.40 48.80  49.60 7.10
6 51.80 45.40  46.30 48.10 52.40 48.80 17.00
. : Grand Mean $50.00
Grand Range $8.00

]

an average direct search cost of $50.00 is chosen for the X chart, and a

range of $8.00 is obtained for the R chart.
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The seriousness of the two types of error possible in the test of
the null hypothesis has been evaluated with similar facts as those dis-
cussed on page 177, and k =.l.5 hes been selected for the upper and
lower control limits. Using thé:mathematical notation developed earli;r,
we can establish the desired conirol limits for the two components of

the model, the X chart and the R chart, respectively.

52.31 for the Upper Control Limit

47.69 for the lower Control Limit

2. R¥150p=Rtl53 L =
2

8 + 1.5 (.864)5_233_23'= 8

1+

L6 =

12.46 for the Upper Control Limit

3.54 for the Lower Control Limit

These limits are utilized to vérify whether or not the RSS unit
direct costs are "in control" when compared with the predetermined

targets. The two cost control charts are illustrated in Figure 6-5.

Figure 6=5

Illustration of Statistical Cost Control

X Chart
UCL 52.31
X 50.00 - S .
LCL 47.69 - -

J FM AMJI J AS OND
Months of the Year




UCL 12.46
R 8.00

LCL 3.54

Figure 6-5 (Continued)

R Chart
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Five retrospective searches are chosen randomly every month, and

a sample cost sheet is employed to accumalate all direct costs consumed

for each unit. Figure 6-6 contains the hypothetical ‘cost results

registered during the year. The parameters of interest, X and R, are

Figure 6-6

Actual RSS Cost Samples for Control Purposes

‘Month

January $46.80
February 53.25
March . 55.80
April 46.25
May 45.90
June 48.10
July 51.40
August 50.30
September 4L6.40
October 56.10
November 46.40
December 58.40

Sampled ggg Unit Costs

54.25
52.80
46.25
54.80
55.10
57.20
52.60
52.50
52.60
52.30
48.20
56.60

51.30
48.55
47.55
50.55
49.80

L6.40

48.30
146 .40
53.10
46.10
48.30

55.20

49.10

47.80
49.30
53.30
48.60
50.20
45.40
48.30

48.90
48.30

51.20
56.10

50.55
51.10
48.10
49.60
46.60
51.10
46.30
49.50
49.00

50.20.

47.90
54.70

<1

50.40
50.70
49.40
50.50
10-9 .20
50.60
48.80
49.40
50.00
50.60
48.40
56.20

R

T.45
545
9.55
8.55
9.20
10.80
7.20
6.10
6.70
10.00
4.80
3 070

calculated for the monthly samples and are graphed on the control charts

of Pigure 6-5 to determine the control status of the direct search costs.

During the first eleven months, “he cost process is "in control" since

all values fall within the acceptable ranges.

Hence, the null hypothesis

that the direct search costs comfjare favorably with the predetermined

targets for X and R is accepted.
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However, the average direct search cost for December is seen to
exceed the acceptable upper cont;ol limit, thus indicating that the cost
rrocess is "out of control." Th= results suggest an upward shift in the
average amount of direct costs cgnsumed for the individual retrospective
searches. Managerial action is required immediately to determine the
cause of this deviation so that appropriate corrective action may be
taken. Otherwise, the unfavorable cost variance will be detrimental to
the breakeven objective of the NASA Regional Dissemination Center.

Specific procedures for the necessary corrective action are discussed in

the following section.

CORRECTIVE ACTION

Analysis of Cost Deviations

Several alternative courses of action are possible if a sample
result is recorded outside the required probability limits. First,
management must verify the values calculated for the sample cost para-
meters. Recording errors on the sample cost sheets or mathematical
mistakes incurred during the processing phase may be the cause of the un-
satisfactory results. In such cases, the cost process is not actually
"out of control," and further investigation is not necessary.

Assuming that the data were registered and processed correctly,
interviews with the employees responsible for the direct costs consumed
on the sampled searches and a critical analysis of the recorded cost incre-
ments should be performed. Greater quantities of a particular cost input
may have been utilized due to such factors as a change in the nature of

the service, a planned deviation in the production process, or an
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inefficient search operation. Also, the unit cost of a resource (for
example, computer time) may have changed during the period. Hopefully,
the sample data will provide a sufficient amount of detail for this type
of evaluation.

If the cause of the unfavorable cost results can be ascertained
from the sample information, management must decide upon an appropriate
solution. When the deviation mefely reflects chance -error that infre-
quently will occur within prescribed probability limits, the cost targets
should be maintained as represen%ative figures; For example, with
k = 1.5, random error should cause sample results.outside the control
limits approximately 13 per cent of the time. However, if the number of
times a given parameter falls outside the acceptable range exceeds the
predicted amount, chance érror is highly unlikely. Such investigations
represent the costs incurred to reduce 8, the probability of a Type II
error. |

When the unsatisfactory res&lts are attributable tp‘an employeefs
berfonmance in the production process, corrective action should be taken
to improve fhe inefficient operation. However, if the analysis exposes
a permanent aﬂd legitimate changé in the direct search costs cdnsumedvon
the individual uniﬁs, the»repfesentative values or targets.mnst be
revised éccordingly. The dynamic nature of an information retrieval
process undoubtedly will demand such modifications as new and improved
searching methods aré discovered. The'sﬁatistical cost model adjusts
to the alterations autoﬁatically bj maintaining-gontrol over the. process

parameters on a continuing basis.
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In some cases, the sample information may not reveal adequately
the nature of the change. Management can overcome this problem by re-
instating the proposed formal cost accounting system and uﬁilizing it
for a temporary period. The formal accounting procedure will provide
cost informétion for every search performed during the selected duration
30 management ﬁill have a more complete description of the prqductioh
process. Once the reasons underlying the unf avorable déviatidna are
resolved, iﬁe reviséﬁ-égst targets can be applied to the X and R charts
forAcontinuedlstatistical cost control. The "start-up costs" of the
formal cost éccounting system afe minute so its temporary application

offers an efficient way to obtain more detailed information.

Summary

The statistical éost control model provides a systematic verifica-
tion of the direct search costs. Pfedétermined'targets are established
as a measure of management'sngjectives, and two control charté are
employed to detect any deviation from the standards. The X -chart indi-
cétes the behavior of the central tendency of the éeardh'dost data as it
is related to certain probabilistic control limité. "Tﬁe R chart provides
a confirmation of the'status.of the search procéss cost dispersion. Five
searches are selected monthly for both ‘information services, and a sample
cost sheet is utilized to coliect the direct costs consumed‘for each unitx

"

Whenever an unfavorable variance:;is observed for one of the sample para-
!

meters, managerial action is necessary to investlgate the causal factors.

As 1ong as the sample values of the mean cost and cost range are within

the predetermined control limits, managenent is assured with a probabllistic
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reliability that the process costs are "in control." Therefore, the
objective of management by exception is accomplished, and a NASA Regional

Dissemination Center possesses an efficient cost control technique.
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CHAPTER 7

SUMMARY AND CONCLUSIONS

INTRODUCTION

A serious deficiency of managerial cost information in technical
information centers was discovered during the initial stage of this study .
The consensus of statements by aithorities found in the literature re-
view (Chapter 2) and the results of the research questionnaire survey -
(Exhibit II) show a need for accurate cost data but indicate that cost
estimation practices normally are employed.

This study proposes a two-fold solution to provide management of a
NASA Regional Dissemination Center with relevant cost information. A
computerized managerial cost accounting system has been designed
specifically for the two main services of a NASA Center, retrospective
searching and maintaining current awareness. The system will generate
rcliable and timely managerial cost information. Once appropriate
service cost targets are determined, a étatistical cost model can be
emrloyed in lieu of the formal cost accounting system and will provide

an efficient and econemical cost control technique.

ESSENTIAL FEATURES - MANAGERIAL COST ACCOUNTING

Basic Assumptions

Certain basic assumptions are necessary to design a practical cost
accounting system for a NASA Center. The following list represents a
summary of the essential assumptions employed in this study.

1. A center possesses a computer capability for the data
rrocessing function.




10.

11.

12.

14.

A center is concerned with information management which is
defined as the receipt, storage, retrieval, reproduction,
dissemination, and inventory control of information.

It is reasonable and necessary to require the engineers to
record their daily work activity. The objective of the
daily increment is to dchieve a balance between realistic
cost data and a preoccupation with minute detail.

A center possesses a financial accounting system for
such functions as payroll, purchasing, accounts receivable,
and accounts payable.

Service cost data and the quality of the information
produced must be evaluated concurrently by management
for an operating performance efficiency measurement.

Fixed labor costs are discretionary expenditures and
can be altered only durlng the planning phase of the
operation.

A retrospective search is a unique unit as it progresses
through the production process.

The Selective Dissemination Service must be accounted for
on a process costing basis since minutely detailed source
information reporting would be required if the costs
related to each profile search were measured.

The cost of an individual profile search is a linear
function of the number of abstracts identified during
the computer run.

The distribution of the multi-dimensional variables
affecting the unit search costs remains relatively
constant during a short interval (for example, three
months). '

General RSS costs consumed directly for the service
rather than individual searches must be accurmlated and
averaged over the related retrospective searches.

Maintenance expenses for both information services must
be applied to the individual searches with an estimated
rate to minimize the possibility of volatile unit costs.

The SDS development expenses represent an asset to a
center and must be amortized over the related profile's
expected life.

Management of a center :an forecast a reasonable estimate
of the normal operating capacity.

191
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15. A client's demand for an information service is
relatively insensitive to the product's price.

16. RSS computer costs must be batched during a monthly
period and distributed to the related searches on an
average basis to minimize the possibility of volatile
unit costs.

Fundamental Characteristics

The objective of the managerial cost accounting system is the
generation of relevant information for planning, controlling, and
decision-making purposes. The information searching process is viewed
as a production operation, and the cost system accumulates cost data as
the various jobs are performed. Responsibility accounting and service
coéting are achieved concurrently since the expenditures are charged to
the appropriate cost center and information service. A job order costing
method is employed to récord the costs consumed for a retrospective
search as it progresses through Fhe production process. Since the
Selective Dissemination Service contains relatively homogeneous production
units, a process costing techniqué jis utilized to calculaﬁe weighted-
average profile charges for éach!SDS performance.

The cost system consists of a collection .of source documents, forms,
records, computer printouts, and managerial reports that are designed
expressly for a NASA Regional Dissemination Center's operation. An
electronic computer performs most of the essential operations of the
system's data processiﬁg function, and the necessary computer programs
are presented in the Appendicies of this study. The employees responsible
for the various WOrk.activities record the consumed cost increments on

the appropriate source documents during the information searching operation

to provide the basic cost data for the electronic data processing function.



The direct labor data (recorded in hours) are transferred to a
runched card for weekly computeg processing, and a labor performance
rrintout (Appendix I) is generatsd to indicate a complete classification
ot the work increments performed by each employee in the various cost
centers. This report provides valuable managerial information for
planning, controlling, performance evaluation, and workload scheduling
as explained in Chapter 3. The direct sundry expenses (computer time,
telephone calls, reproduction costs, and travel) are processed by the
computer at the end of each month and reported on a cost performance
rrintout. The labor hours shown on the weekly reports are reclassified
as the related direct labor costs by the computer on the monthly print-
out. A predetermined operations overhead rate, selected from the normal
capacity cf ‘a flexible budget, is recorded on a control punched card so
the computer calculates the ‘appropriate share of operation overhead for
each service on the basis of the direct laborvcost.

The result is a monthly computer printout that discloses the period
cost performance of the NASA Center, classified by cost center and in-
formation service. The cost performance printout provides essential
infeormation tor updating the records of the cost accounting ledger, for
rerforming the managerial rcporting function, and for general managerial
ayrlications as explained in Chapter 3. The exacp nature of the pro-
cedures employed to record and process the cost data dependson the type
nf costing technique used for a’specific information service.

Retrospective Search Servie:. Each retrospective search is costed

as a unique production unit, and a job order number is assigned to each

search when it is initiated. All direct costs consumed during a search's
i
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production as well as the related operations overhead are charged to the
appropriate job order number. Additional RSS expenses which-are traceable
only to the overall retrospective search system must be averaged over the
number of searches performed during the period. RSS maintenance expenses
also are incurred to update the information file and are charged to the
| searches on the basis of a predgtermined rate to minimize the possibility'
of volatile unit costs. The reéult of the RSS costing proced&re is a
job order cést sheet (Exhibit XV) that contains a detailed classification
of all expenditures charged to a given retrospective search. The
accounting procedures used to record and process the various RSS éxpenses
and to compute realistic unit costs ar; déscribed in Chapter 4.

Selective Dissemination Service. A process costing technique is

used to account for the operational costs of the prdfile searches per-
formed for the Selective Dissemination Service. Otherwise, minutely de-
tailed repo:ting by the employees responsible for the work activiﬁies
would be necessary since smali cost increments often are incurred for the
individual. profiles and‘phé same abstracts may be evéiuated for more
than one pfofile.. Tﬁe ;peration?l costs incurred during eachASDS
performance are charged to the reléted service number and are. averaged
over the various profile’searches. A weighted-average distribution is
performed by the compﬁter on the basis of the relative number of abgtracts
identified for eacﬁvprofile as explained in Chapter 5.

Nonoperational expenses are incurred for the.Selective ﬁissemination
Service's development and maintenance functiogs.. Profile development
césts represent an asset to the center since they benefit future profile
searches. The expenses are émortized over the expected profile life so

a portion is charged to each search. SDS maintenance costs are accounted
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for in a manner analogous to those of the Retrospective Search Service.
A predetermined rate is selected from the ratio of the forecast SDS
maintenance costs to the number of profile searches at normal capacity
and is charged to each search. The data processing mechanics necessary
for the calculation of a unit profile cost-—consisting of a share of the
oprerational, development, and maintenance expenses--are discussed in

Chapter 5.

ESSENTIAL FEATURES - STATISTICAL COST CONTROL

Once reliable service cost data are available, management may
choose to utilize a statistical cost contr01 mode1 instead of formal
cost accounting procedures. The statistical cost model developed in
Chapter 6 provides a continuous v;rification of the control statué of
the direct service costs consumed during the'ihformation search process.
Representative values of the direct search cost mean and range are
established as the targets of thse statistical model for both information
services, retrospective search and sélective diesemination. The X chart
measures the behavior of the central tendenéy of the service cést data,
and the R chart is used to control the dispersion betweeﬁ the unit
charges.

The null hypothesis which is tested is that the search costs are
"in control" when compared with ﬂhe representative values of X and R.
Probabilistic control limits are established by comparing the costs of
a Type I error in the test of hypothesis with those of a Type II error.

Once the appropriate control limits are established, the chance of random
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error causing a rejection of a true hypothesis can be determined from
the conditions of a normal probability distribution.

Five searches are selected randomly every month from both information
services, and the direct costs consumed for each sample element are re-
corded on a single cbst sheet as the Jjobs progress through the production
process. The sample mean and range are computed for both services and
registered on thé appropriate statistical control chart. If the values
fall within the acceptable limits, the hypothesis that the search costs
are "in control" is accepted, anc. no further action is ﬁecessary. If a
sample parameter is recorded outéide the acceptable limits, the null
hyprothesis is rejected, and the search cost process is determined to be
"out of control" when compared with the representative values. Managerial
action is required tobinvestigate the cause of the adverse results and

to take corrective action which may include revising the service cost

targets.

TEST FERIOD COST RESULTS

Test of the System

The proposed managerial cost accounting system was operated at the
Aerospace Research Applications Center during the period July 1 -
Sertember 30, 1967 to test its effectiveness in accounting for the
services of a NASA Regional Dissemination Center. The results of the
test reriod were very favorable as described below and indicaﬂe that the
system ‘unctions effectively in a NASA Center. The estimated cost of
performing the data processing functions for the period was only $244.15
for both the automated and manual operations as described in Chapter 3.

Relevant and timely cost information was generated for both services,
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retrospective search and selective dissemination, with a minimal amount

of human inputs. The three compiter programs presented in the Appendicies
provided the necessary operating instructions for the data processing
function, and after a '"debugging" process performed effectively. The
comparison of the monthly average search costs was extremely favorable,

as measured by an analysis of variance model.

Samples of sizes 20 and 25 were selected each month from the unit
service costs generated for retrospective searches and current awareness
(profile) searches, respectively. The amount of direct labor, direct
sundry expenses, and operations overhead recorded via the cost system is
included in the unit cost figures. A complete listing of the sample
results and the calculations of the analysis of variance tests are
rresented in Exhibit TII.

The monthly average search costs also are shown in Figure 7-1. The
null hypothesis, which has been'tested with the analysis of variance
model, is that the monthly average cost of each information service is

aryproximately equal [rom month t> month, subject only to random error.

Figure 7-1

Test Period Average Search Cost Results

July August September
Average Retrospective Search $85.17 $86.13 386.87
Average Profile Search 7.46 7.22 7.28

If the cost accounting system functions effectively and the distribution
of the multi-dimensional variables affecting the unit search cost remains

relatively constant, the null hyrothesis will be true.
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Analysis of Variance

The results of the analysis of variance tests confirm the null
hypothesis since the monthly ave:age search costs of both services, RSS
and SDS, were significantly equai during the test period. The mean retro-
spective search iny varied by $1.60 during the three months (representing
a 1.9% change), and the average profile search cost deviated $.24 between
months (a 3.2% variation). A significance level of .05 was selected for
the "F" ratio in the analysis of variance model, thus defining the
c;itical regions for the two tests. The’results ofithe analypis of
variance tests are summarized in Figure 7-2.:

The calculated "F" values for the cost data generated by the cost
system were substantially lower than the critical regions for both
services, indicating that the mean search costs were significantly equal

from month £o month. When the mean costs being tested are approximately

.Figure 7=2

Compérison of "F" Test Values

Actual "F" , Critical Region

Value Calculated for Rejection
Retrospective Searches .096 3.17
Profile Searches .029 3.13

equal, an “Fﬁ ratio of,aboﬁt one can be expected. The significanée of
the equality of‘the monthly average search costs is derived from the
fact that the "F" ratios for the Retrospective;Search Service and the
Selective Dissemination Service were only .O96,aﬁd .029, respectively.
The reasons for the low "F'" ratios were the relatively small mean square-
between groups which validate the hypothesis that the mean costs were

significantly equal. Therefore, the null hypothesis is accepted, and
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the proposed managerial cost accounting system, on the basis of the
limited application, functions effectively in a NASA Regional Dissemina-

tion Center.

DIRECTIONS FOR FUTURE RESEARCH -

General Nature

The cost accounting and statistical cost systems developed in this
étudy represent "pioneering" applications of cost measurement techniques
in a technical information center. The results of this study should be
extended through future research to enlarge the dbmain of information
retrieval cbst accounting practiées. The present study provides an in-
sight into a complex problem, and the need for future investigation is
apparent. While a consensus of technical information center authorities
supports the need for relevant managerial cost data in a center's
operation, few cost systems presently are employed in such functions.
Fuﬁure research shoul& be perforﬁed to investigate the cfitical problems
discovered but left unsolved during this study so that valid cost
measurement procedures wili beco%e routine in managing a technical
information center. The purpose of this final section is to suggest
some directions for future research that were discovered during the

development of the proposed cost systems.

General Applicability

The most obvious limitation'of this study is that the two cost
systems have been designed specifically for the NASA Regional Dissemina-
tion Centers which represent a emali segment of the total information

processing operations in existenpe today. Future studies should be

v
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performed to answer the generaliquestion: "How applicable are the pro-
posed cost systems for other information processing operations?" Other
technical information centers produce the same type of services as those
offered in the NASA Program, and in addition some centers perform the
information selection, indexing, and abstracting functions. Also,
various kinds of library operations offer information processing services
which are sim11§r<to those of a technical informétion center.

Since the two cost systems represent cost measurement techniques
designed expressly for an infbrﬁation production process, they offer
potential applications to a broad categbry of information opefations.
While a distinguishing feature of a NASA Regional Dissemination Center is
that cost data are required for pricing the services to clientele, other
non-revenue generating functions should find the cost information
beneficial for keeping the resource inputs commensurate with the benefits
obtained. Future research should be performed to tesi the applicability
of the cost systems proposed in this study in other information pro-

cessing operations.

Information Benefit Index

Another serious problem discovered in fhis stﬁdy is the lack of a
reliable measuring device for the benefits derived by clientele from an
information search. The uncertainty relate@vtq the quality of the pro-
duction output constrains the utilization of cost data as a measure of
operating efficienéy. An evaluaﬁion of information ser&ice.quality should
be accomplisﬁed concurrently with a comparison of actual and budgeted

costs for a realistic operating performance efficiency analysis.
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Future research should be parformed to develop a behefit index which
can be used for an objective evaluation of the quality of an information
search. Such an index could be related to the cost performance data to
determine the efficiency and efffctiveness of the operation. Such
factors as the following should se investigated as possible inputs to a
benefit index: (1) the relevancy of the information identified for a
specific request; (2) the time required for the information search pro-
cess; (3) the amount of relevant.information identified in a center's
own file in relation to that discovered from all sources; (4) the nunber
of information sources available to the literature searcher for the
request; (5) the importance to the client of a request satisfied by the
results of the search; (6) the ease of accessibility for the client to
the information retrieval system; (7) any direct applications of the
information identified during the search; (8) the efficiency with which
past search experiences regarding similar requests are utilized; (9) any
new research ideas generated from the search; (10) the qﬁalifications of

the literature searcher'in relation to the requested subject.

1

Economic Justification Studies

Future studies should be conducted to evaluate the validity of a
technical information center operation. If reliable cost data are
available and future research develops én objective information benefit
index, a quantitative measure of a center's value will be possible. In
the past, qualitative analysis has dominated any validity evaluations
because of the lack of reliable information regarding the cost-benefit

relétionship. The value of the information which the system delivers
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and the cost of the performance can be analyzed concurrently if the

quantitative data are available.

Intervening Variable Index

Future research also is necessary to develop an index that will
measure the inter?ening variables which affect a givenusearch. Such
factors as the following appear to influence the unit cost of an in-
formation search: (1) the complexity of the problem; (2) the amount of
relevant information available; (3) the size of the‘information file;
(4) the past ekperience of the literature searcher with the subject;
(5) the numbér of searches performéd on a given computer run. Further
studies should be performed to estabiish a complete list of the variables
which affect the unit search cosp, to define a theoretically sound unit
of measure for each, and to weight each factor éccor@;ng to its importance
in the process. An appropriate index should provide a beneficial
managerial tool because of its hypothesized'correlation with actual

search costs and should facilitafe the prediction of futu}e search costs.

Operational Standards

Many of the nonengineering labor functions of a NASA Regional Dis-
semination Center are routine tasks and shquid be suitable for the.
application of standard‘measurements. Examplés are such operations as
document and abstract reproduction, microfiche preparation, ltterature
filing, photocopying, and other rep;titive clerical tasks. Standardiza-
tion of‘the literature searching operation appears unrealistic due to
the unc;rtainty of the variables that affect a given search. Variation
is an inherent characteristic ofgthe literature searching process so any

attempt to ﬁeasure deviations betﬁeen actual and standard time would be

}
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‘meaningless. However, the routine tasks are similar to many repetitive
jobs in a typical manufacturing operation, and the use of quantity and
cost standards prqvides an effedtive cost control technique. Future
studies are necessary to investigate methods for determining realistic
standard measurements for the nonengineering phases of the information

production process.

CONCLUSIONS

| The major conclusions of this study are that objective managérial
cost accounting practices such as those developed in the preceding
chapters are both possible and éssentia1 in the operation of a technical
information center. The importéhce of the findings is derived from an
analysis of the contfibutions of relevant cost information which is
available when one of the two cost systems is employed. A technical
information center's operation 15 highly analogous to that of a typical
business firm in which management is dependen£ on reliable cdst informa-
tion for effective planning,‘controlling, and decision-making.

An efficient operation is mandatori for a successful performance

in the highly competitive business world. Quantitative data provide the
most realistic basis for the measurement.of an organization's objectives
and performance. Without accurate production cost information, manage-
ment is constrained in the execution of such functions as unit cost
determination, budgeting,_perforﬁance evaluation, pricing, product line
analysis, cost control, coordination of the various functions, and

quantitative decisions concerning alternative actions. The information
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deficiency condition contributes significantly toward an inefficient
organization which operates at a competitive disadvantage.

Managements of technical information cénters ha?e been handicapped
in the past, however, by the lack of felevant cost information related
to the information searching activities. Since the volume and complexity
of scientific and technical information is causing the institution of an
inpreasihg number of centers, the field of information retrieval is
becoming more competitive, both for the attraction of customers and for
the receipt of operating funds. An efficient operation, benefiting from
valid service cost data, will be‘in an ad&antageous position since its
prices will be lower than those ¢f an inefficient center that struggles
to maintain a breakeven revenue level by charging the excess costs to the
customers. Also, funding agencieé are experiencing more demands for
their resources with the increasing number of centers so they undoubtedly
will sort out the efficient operé{tions as the most effective‘applications
of the money. R

Consequently, past practices of treating an information processing
operation's expenses as overhead costs of the funding agency no longer are
feasible, and accurate cost measurement is essential. The change from
an overhead consideration to a sefvice costing pfocess will be beneficial:
to the stability of an information center since one of the findings of
the literature review of this study is that financing as an overhead item
presents a precarious position. When the sponsoring agency (for example,
a business firm, governmental agency, or university) experiences a
"monetary squeeze," the information processing operation is affected
adversely since overhead functions normally are the easiest to reduce or

eliminate.
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Performance budgeting also will be possible with reliable cost
data. At the present time, experience and judgement dominate the
establishment of budgeted figures in a technical information center since
valid cost data are not available. Cost measurement with one of the two
systems presented in this study will enable management to project historical
cost data to expected future service activity which will provide an
objective basis for the budgeting procesé. Performance budgeting can be
achicved with the cost data since the operating costs are related ob-
jectively to the work activity. Whether the center charges for the
services it rendérs or is funded by a supporting body, performance
budgeting will provide a realistic view of the operation's financial needs.
If management of a technical information center decides that a
sustained utilization of a formal cost accounting system is unrealistic
because of an excessively-burdensome reporting effort by the employees,
the s£ati$tical cost méael qffer$ an efficient and economical cost con-
trol deQiée. A minimal amount of cost consumption repqrting is'required
since only samples of the information searches are considered. Thus,
relevant managerial cost information can be obtained in a technical informa-
tion center through the use of the formal cost accounting system, the

statistical cost control model, or some combination of the two.
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APPENDIX I

COMPUTER PROGRAM AND INSTRUCTIONS FOR THE
ELECTRONIC DATA PROCESSING FUNCTION IN.A
NASA REGIONAL DISSEMINATION CENTER
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APPENDIX I

COMPUTERIZED DATA PROCESSING OPERATING INSTRUCTIONS

1. Keypunch Form

The information recorded on the daily time tickets by the

operating personnel is transferred to the keypunch form. The form

presents the source information collected during the production

process in an arrangement suitable for keypunching. The following

information is required on each form:

Man No. (Number)

Ent. (Entry Type)

Date

P

ob Code

|

a three digit identification number is
assigned to each employee. The first

integer discloses the appropriate cost center

in which the work is perfbrmed and the last

two digits identify the specific person.
one of two numbers is recorded in this field: -

3 - indicates regular time reporting card
2 - indicates correctiqn card

date that individual time ticket is completed
in the form of year-month-day.

recorded as two alphabetic letters followed
by a four digit nuﬁber. The two letters re-

veal the type of information service performed

-and the numbers identify the specific unit.

For example, RS 1440 identifies a particular
retrospective search. (See coding system in

this Appendix.)

#The terms "Time Card Audit" and "Weekly Labor Performance Report" are
synonymous as are the terms "Labor Cost Report" and "Monthly Cost Per-~

formance Report."
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Act. (Activity) - reveals the nature of the work activity

performed on a given .job.

Hours ~ indicates the’labor time spent-on the
individual work increments. The time is
reporfed in>quarter hour increments which
‘are shown as decimal figures, (for example,
2%;£ours is recorded as 0250).

Number of entfies

per line - up to five jobs per empioyee can be recorded

.on each line of the form. ‘If a person works
‘on more than five jobs, extra lines are used

for -the same individual.

Keypunéh Process

The information on the keypunch form is punched onto cards which

are used as'an input to a CDC 3600 program which performs certain

checking functions.

Weekly Labor Performance Report (Time Card Audit)

After sorting, a prihtout is generated by a computer run which

lists all of the jobs performed by each employee during the weekly

' . period.

IvV.

Correction Procedure

The printout is checked by the accounting function to insure that
the data are correct. Any necessary corrections or additions are

recorded on a second keybunch form. An entry can be made on the

second form to delete any information recorded on the original key-

punch form. The corrections are initiated as follows:
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(1) ,Tﬂe same information that was entered originelly for a
transaction but which must be changed is recorded on a second
keypunch form with the‘exception of £he'entry tyre which is dow.
2 instead of 3. This,informaiion is entered in the first set

of fields of the form. -

‘ (2) The revised data are recorded in the correct way 1n'the
second set of fields. The computer will remove the orlglnal
entry from the audit report and register the revised information.
(3) Ifithe original information should be eliminated entirely,
the procedure in (1) above is utilized but the second set of

fields is left blank.

. :MenthlIVCost Performance Report

At the end of the month, all other cost information (for example,
‘supplies, fravel,'phone calls, end computer time), is recorded on the.
same keypunch iorm as that uaed for labor and is keypunched onto
cards. The- cost 1nformation is coded with a number that is used in
the Man No. column, and the cost unlts are entered in the same
celudn in which laber>hours are recorded. These data are incorporated
with the labor information collected en the time audit during the
month (siored'in‘the card file) and run on the computer to generate
a monthly cost performahce report. The'control eard code is é in-
stead of 1 for the printout of thehfinal weekly labor performance
'report as well as the monthlr cost performance report. The latter

report reveals all cost increments of the various 1nformat10n servlces

performed during the month.
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Punched Card Handling Instructions

1. Punched cards are prepared as the keypunch forms are received
from the accounting function.

2. The cards are filed until all those pertaining to the monthly
period are punched.

3. Wwhen all of the time cards for the month are punched, proceed
as follows:
(a) Sort time cards on coluﬁns 5-10, starting on column 10.
(b) Place NAME CARD deck with sorted time cards.
(c) Sort the combined decks on columns l-4, starting in column

| 4. The cards are now ready for the first éomputer run.

4. Prepare control card according to the CONTROL CARD FORMAT sheet.

5. Submit job for computer run.

6. Send printed output to the accounting function. File cards in

the temporary work file.

When correction sheets are received from the accounting function,

proceed as follows:

1. Punch correction cards.

2. Sort corrections on columns 5-10. (Normally only columns 9 and 10
need be sorted as 5-8 will be identical in all cards.)

3. Place correction cards with pre#iously run name cards and time
cards and sort An columns l-4.

L. Prepare control card according to CONTROL CARD FORMAT SHEET for
second running.

5. Submit for computer run.
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APPENDIX I (Continued)
6. Send printed output to the accounting function.

7. Sort cards on column 4. Save name cards (’,l in column 4). Time
cards and correction cards may be destroyed at the-end of next
_ month.

NOTE: WHEN SORTING, ALWAYS BEGIN IN THE HIGHEST NUMBERED COLUMN GIVEN.

i
P
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Keypunch Instructions

- For: COST REPORTING SYSTEM

Source Document: COST SYSTEM LLEYPUNCH FORM

COLUMNS MODE ,‘, DATA
V1-3 Numeric ManvNumber ‘
4 Numeric ' . Ent. - entry code (2 or 3 only)
5-16 Numeric Date (YR-MO-DAY)
11-12 Alpha Job Category
13-16 Numeric : Job Code Number
17 Alpha Activity Code
18-21 K Numérié Time (18-19, hours; 20-21, decimal)

Punch leading zeroes whether they
are on the keypunch form or not.

22-32 ; '

33-43

LL=54 ) \ Same as 11-21
55-65 )

66-80 - Skip



APPENDIX I (Continued)
LABOR REFORTING EXAMPLE

Man No. 104

(a) On June 4, 1967, he worked % hour on SDS #12 and 3 hours
on RSS #2144 .

(b) On June 2, 1967, he made a 15 mlnute phone call pertalnlng
‘ to RSS #2144.

(c) On June 8, 1967, he worked a total of 6 hours on jobs RSS
#2144, SDS #12, SDS #13, Operations overhead and SDS #1l.

ManANo. 106

(a) On June 1, 1967, worked 8 hours on SDS #10.

Man No. LO5 -

(a) On June 1, 2, and 3, 1967, spent 8 hours each day on
adminlstratlve work.
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" CORRECTION LABOR REPORTING EXAMPLE

Man No. 106
The AUDIT list contained an entry showing him having worked June 1,

1967, for one hour on SDS #10. If that entry were judged to be incorrect,
the example shown will completely delete it from the records.

Man No. 203

The AUDIT list showed him having spent 2 hours on RSS #3616 on June
7, 1967. The entry shown will correct this to 23 hours.

Man No. 308

The AUDIT list indicates he worked on June 12, 1967, for 1 hour
on OP 6. The entry shown will change this to OP 2.
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CONTROL CARD FORMAT

Column - | Data

1 . Control Code. .

’ "]" ~ only the Weekly Labor Per-
formance Report is run. This code
is used when time cards for a given
month are run for the first time
(without corrections).

12" — both the Weekly Labor and the

Monthly Cost Performance Report is

run. This code is used when the time

cards for a given month are run for

the second time (with corrections). .

2 -17 Month and year, e.g., January, 1967.
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JOB CATEGORY

" OPERATIONS OVERHEAD CONTROL CARD

Some job categories do not have operations overhead applied to them

since they represent overhead costs. This card indicates which categories
do and do not have overhead applied. '

All legitimate Job Categories, e.g., SD, RS, OP, etc., must be indi-
cated in this card. Up to twenty-five categories may be represented.
Each category is represented by its two-character code, as used by

Accounting, followed by an "N" il no overhead is to be calculated or a
"Y" if overhead is to be calculated. 3 :

Column Data
1-2 : : Job Category
3 o - Overhead indicator ,
"N" - do not calculate overhead
- "Y" ~ calculate overhead
L=T75 , The same sequéncé,is repeated up

through column 75.

Each time a new job category. code is utilized by the accounting
function, it must be reflected in this card. If it is not, an ILLEGAL
JOB CATEGORY message will appear in the AUDIT list.
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SECTION OVERHEAD RATE CARD FORMAT

These cards carry the rate at which overhead is to be applied to
the various cost centers. Overhead is applied on the basis of direct
labor dollar cost.

Nine sections may have overhead rates. Blank cards must be included
with the pack, if there are fewer than nine sections, for a total of nine
cards. ’

Column Data

1 Cost center number

engineers
clerical
service
computer

- administrative

W
L]

4 o Card code - "O" (zero)

16-19 Overhead rate, e.g., $3.25
: ‘would be punched 0325.

20-25 Abbreviated name of section,
e.g., ENGR - engineers.
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'APPENDIX I (Continued)

COMPUTERIZED DATA PROCESSING
SYSTEM FLOW CHART

— @

Source Accountlng )
Docu-

ments

' orrec
\ tions
{ Accountingj)

1

Key- v
punch Keypunch
Form ~___

e ’(borrection
Y Cards
Keypuncﬁ\\
.__J N
' ‘ : (/;;;rter \\
‘ Time Cards }——u8o—>» ~//)
[—;ime>Cards J \~_"—TM_
/,——-~ chC
#Sorter 3600
K\\~ Computer
~v,._._-\ R . ISP, A —
i T ~ |Corrected
Time Cards . |WeeKly
e WJ . : : Labor
£ . ‘ ) ' Performanc
— l. Cosﬂ
. CcDC . .
| 3600 Perfor-i =~
mance
[Weekly (. Accounting)
' Labor i : ~
‘Perfor—
mance

Report

e

(a)

223 -

¥Sequence

Man No. - Major
(Col. 1-3)
Card Code -
Intermediate (Col. &)
Date = Minor
(COl . 5“10 )

1. Change control
card code to 2
instead of 1
for monthly cost
performance
report.
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APPENDIX I (Continued)
REPORTING CODING SYSIEM

Direct Labor and Direct Sundry Expenses

100 -
200 -
300 -
4LOO -
*Last

500 =

501 -~

502 -

503 -

- 511 -

Engineering Cost Center®
Cleriéal Cost Center®
Reproduction Cost Center®
Coﬁputer Cost Center®

two digits identify sﬂacific employees.

Materials - Supplies and Expenses Section

Telephone
Microfiche

Photocdpy

‘Xerox

‘Bruning Mats

Bruning
Computer Time
Covers

Depreciation

Postage

Company Travel

Work Activity Codes

oP -
OPl -

OP2

OP3 -

OoPL4

oP5
oP6

General Administrative'Time
Idle

Break

Clean

Mail

Meetings

Library



RSM

RS (4 digits)

SD = (or SPM)

SD (2 digits)

SDD (2 digits)

SS 1 through 19

25
APPENDI} I (Continued)

Retrospective Search Service ~ General

RetrospectiQe Search Maintenancé

Retrospective Se#rch with specific search number

Selectiv: Dissemination Service Maintenance time

Selective Dissemination Service with specific
performance number

Intéerest Profile Development

Special Projects
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APPENDIX I

WEEKLY LABOR PERFORMANCE REPORT ILLUSTRATION

Month of July, 1967 Time Card Audit Page 1

Section Man Date ~ Job Activity - Hours

Engr 101 67/07/05 OP : - 2.00
101 67/07/05 SD = ' 2.00
101 - 67/07/05 ' RS 3399 1.25
101 61/07/06 Sh = 1.00
101 - 67/07/06 - OP , 1.50
101 67/07/08 8D = - 0 1.00
101 67/07/08 | RS 3399 - .50
101 - 67/07/08 OP . 2,50

Man lol Total . . Ll L3 A. L] . . . L] . * L4 . ’ . . - L] . . 11 .75

Engr 101 Service Category Totals .

opP 6.00
SD 4.00
RS 1.75

Service -Category Totals
: oP 206.50
SD 413.50
RS 130.00
S5 140.25

Section Engr Totals 890.25

Cler 201 /e OP

2 .50

201 ©67/07/12 _ SD = . 2.00

201 67/07/12 SsS 5 1.00

201 67/07/14 SD 10 3.50

201 67/07/14 . OP2 .50

201 67/07/15 OP 2 .50

201 67/07/15 . - SD 10 3.50

201 67/07/16 SS 5 1.25

Man 201 Total . . . . . e e e e e e P 5

Cler 201 Service Category Totals
" OP 1.50 :
SD 9.00

SS 2.25
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APPENDIX I (Continued)
Month of July, 1967 ‘Time Card Audit , . Page 2

Section ~ Man » Date - Job Activity Hours

Service Category Totals
OP 110.00

SD 49.50
'SS 15.25
DO . 125.00
RS 51.25 A
Section Cler Totals *351.00
Srvice 302 o 67/07/03 - OP 4 1.25
' 302 - 67/07/03 OP 2 .50
302 67407/03 RS = 1.00
302 .- 67/07/05 RS = - - © 4,00
302 - 67/01/05 . oP 1.00
302 67/07/06 . » OP 2 - .50
302 67/07/06 Sh = : . 1.50
302 67/07/06 : OP 4 1.50
Man 302 Total » + + + « . . s e e e e e e e e e e .. 11.25
Srvice 302 Service Category Totals
OP L4.75
RS ’ 5 .(X)
SD 1.50
Srvice Category Totals
oP 375.25
RS  126.75 -
SD 174.25
SS 210.25
Section Srvice Totals . 886.50
Infsys . 403 67/07/05 OP 2.25
: 403 67/01/05 - OP 5.00
LO3 67/07/07 OoP 7.00
403 67/07/08 OP. 6.25
403 67/07/09 oP L.25
403 67/07/10 OP 6.50
403 67/07/12 oP 5.50
403 67/07/13 oP 8,00
Man 403 TOLl o o v o v o o v o o o oo oo oo v oo bk

%
- A2 1

Infsys. 403 Service Category Total
OP 44,.00 :
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APPENDIX (Continued)

Month of July, 1967 Time Card Audit : : Page 3
Section . Man Date Job Activity Hours

Service Category Totals
oP 160.00

SS 95.25
RS 5.00

Section Inf'sys Totals 281.25

-

Admin 501 - 67/07/01 SD = 5.00
501 61/07/04 RS 3387 1.00
501 67/07/04 RS 3415 1.00
501 67/07/06 _ RS 3281 1.00
501 -67/07/08 -~ RS 3410 4.00
501 67/07/09 RS 3420 1.00
501 67/07/09 RS 3427 7.00
501 61/07/10 " RS 3422 3.00
Man 501 Total ¢ & & 4 ¢ ¢ & o o. ¢ o ¢« o o o o o o« o« &« 33.00
Admin 501 Service Category Totals
SD 15.00
RS 18.00
Service Category Totals
SDh 4L5.52
RS 72.16 -
oP 88.75
DO 17.76
Ss 231.14

Section Admin Totals  455.33

_Service Category Grand Total

oP 878.25
. SDh 678.57
RS 397.41
SS 704 .14
AD . 21.00
cT 10.50
DO 161.54

Grand Total Hours Worked  2543.41

!
4 -




Month of July, 1967

~Job ~ “Section Man Act Hours.

RS 3342

RS 3342

RS 3342

RS 3342

FHHHHNHCH

APPENDIX I (Continued)

MONTHLY COST PERFOI MANCE REFORT ILIUTSTRATION

Engr 103 2.25
Section Engr Total  2.25

Cler 203 0.50

. 204 0.25 -
Section Cler Total . 75
Srvice 315 | . 0.75

Section érvige Total .0.75

Admin 504 05

Section Admin Total .05
Job 3342 Total 3.80

Section Percentage of Jobs

Engr 62.8

Cler 1l.4

Srvice 2.6

Admin 1.2
RS = Engr 102 1.00
RS = Engr 110 2.50
Section Engr Total  3.50
RS = Cler 203 3.75
RS = - Cler 204 33.00
Section Cler Total  36.75
RS = Srvice - 302 5.00
. Srvice 303 75
Srvice 309 15.00

Section Service Total 20.75

Section Infsys 407 4.75

8“‘
s}

7.78
7.78

0.85
0.42

1.27
2.59
2.59

0.25

<25

11.89

3.46
8.65

12.11

6.41
65.34

71.75
7.50
1.12

22050

31.12
8.31

8.31

~ Monthly Job Labor Cost Report

ovhes

ead

- 8,16
8 .16

0.89
.44

1.33
2.1
2.71

3.63
9.08

12.71

6.73
68.60

75.33

7.87

1.17

B.62
32.66

8.72
8.72

Page 1 .
ML

15.94

15.94

1.7k
0.86

- 2,60
5.30
5.30

24.09

7 -09
17.73

 24.82

13.14
133.94

147.08
15.37
2.29
46.12
63.78
17.03

17.03



APPENDIX I (Continued)

Monthly Job Labor Cost Report

230

Page 2

Month of July, 1967
Job Section Man Act Hours gg:i OO‘egd Opggsgvgiﬁgad
RS = Admin 501 2,00  7.00
RS Admin 504 3.09 15.45
RS = Admin 507 5.00 1.05
Section Admin Total 10.09 23.50 '
#38359¢ Job RS - Total 75.84 138.17 129.L;2 267.59
Section Percentage of Jobs
Engr 2.9
Cler 30.4
Srvice 54.3
Infsys 3.9
Admin 8.3
Total Cost By Section
For Job Category RS
Engr 477.39 - 501.03 978.42
Cler 98.67 103.51 202.18
Srvice 398.97  397.66 776.63
Infsys 8.74 9.17 17.91
Sp 1¢  Engr 104 0.25  0.86 0.90° 1.76
Section Engr. Total ,6.25 0.86 0.90 1.76
SN 10 Cler 201 3.75  6.86  7.20 14.06
Section Cler Total 3.75  6.86 7.20 14.06
SD 10  Srvice 309 0.50  0.75 . 0.78 1.53
Section Srvice Total | 0.50. . 0.75 0.78 1.53
SN 10 Admin 504 0.04  0.20
"Section Admin Total 0.04 - 0.20
Fa8HESEst Job SD 10 Total L.54 8.67 8.88 17.55
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Month of July, 1967 Monthly Job Labor Cost Report Page 3

Job Section Man Act Hours 32:2 0 e:d opggsg;!iggad
SD = Engr 101 6.25 21,62  22.70 Ly.32
SD = Engr 102 5.75  19.89  20.88 40.77
Sh = Engr 103 19.25 66.60 69.93 - 136.53

Section Engr Total  31.25 108,11 113.51 221.62
Sp = Cler 201 27.75  50.78  53.31 104.09
SD = Cler 203 5.75 9.83  10.32 20.15
Section Cler thal 33.50 60.61 63.63 124.24
SD = Srvice 302 3.75 5.62 5.90 . 11.52.
SD = Srvice 307 1.25 - 1.7 1.83 . 3.58
SD = ,Srvice 309 0.50 0.75 0.78 1.53
Section Srvice Total 5.50  9.12  8.51 17.63
SD = Infsys 407 5.50  9.62 10.10 - 19.72
- Section Infsys Total 5.50 9.62 * 10.10 19.72
Sp = Admin 501 15.00  52.50
SD = Admin 504, 2.22 11.10
Sp = Admin ~ 505 0.1 .13

Section Admin Total 17.36 6&}33

FHHNHHEEE  Job SD = Total 93.11 250.79 195.85 LiL6.64
Section Percentage of Jobs-
Engr . 65.5
Cler . 15.0
Srvice 7.3
Infsys 2.4

Admin - 9.5

Total Costs By Section
For Job Category SD

Engr 1406.52 1476.61 2883.13
Cler 88090 93-32 182022
Srvice | 309.66 325.06 634.72
Infsys 9.62 10,10 19.72

Admin ‘  106.kk  0.00 106 .4y




Month of July, 1967

Job

Ss 3
SS 3
SS 3

888

8 a
ww

FEEHESEEEEHE

SS =

APPENDIX I (Continued)

Section Man Act Hours

Engr 101 1.50
Engr 102 13.00
Engr 103 9.25

* Section Engr Total 23.75

Cler 203 4.50
Section Cler Tofal ' 4.50
Srvice 307 6.50
Srvice 311 0.25
Srvice 314 1.75

Section Srvice Total 8.50

Admin 505 5.47
Admin 507 79.70
Sectioh Admin Total 85.17 .
Job SS Total 121.92
Section Percentage of Jobs

Engr 37.3

Cler 2.8

Srvice 5oy

Admin -~ 54.3

Infsys 407 025

Section Infsys Total 0,25
Job SS = Total - 0.25

Séction Percentage of Jobs
Infsys 100.0 '

Total Costs By Section
For Job Category SS
Engr
Cler
Srvice
Infsys
Admin

Base
Cost

5.19
44.98

32.00

82.17
7.69
7.69
9.10

0.37 .

| 6.05

15.52

28.71
16.73

L5 .4
150.82

0.43
O QLFB

0.43

499 .95
29.54
370.97
168.42
470.59

- Monthly Job Labor Cost Report

Oper
Ovhead

5.4
47.22
33.60
86.26

8007

8.07

9.55
0.38

6.35

110.61

0.45

0.45
0.45

524.86
31.00
389.43
176.83
ch
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Page 4
Cost With

Oper Overhead

10.63
92.20
65.60
168.43
15 -76
15.76
18.65
0075
12.h0

31.80

261.43

0.88

- 0.88

1024.81
760.40
345.25
470.59



Month

Job

of July, 1967

Sectiqn

Engr
Cler
Srvice
Infsys
Admin

Grand Total

233
APPENDIX I (Continued)

Monthly Job Labor Cost Report Page 5

Base  Oper Cost With

‘Man Act Hours  Cost Ovhead Oper Overhead

935.30
465.78 .
1061.00
228.25
964.10

365L.L3 8646.04 4B75.65 12,921.69
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PROGRAM TIMF 234,

DIMENSTQON MSECTL(9)

FIMENSTOM MSECT2(9)

[‘ATA(MSECTl*'np0,03“0“:”.“;“:“)
PATAIMSENT220,0,0,0,0,0,0,0,0)

FIMENSTOM TALLS(9)

”ATA(IAL[.&)':U’[),GQCJUQOOUDUDU)

SIMENSTION TCNRS(B0,20), ICAT(2u,2), ICATALL(20,2)
NIMENSTIGM TRFEAD(41)

JIMENSINN JSECT(9)Y,MSECT(9)
“ATI\(JSE'CT"'[)H):Y\IOJUoUo(]nODU).
NATACMSECT=030,7+04040,0,0.0)
NIMENSINN 1SAC4000,4)
FQUIVALENCE(ICORS,ISAVE)

DIMENSTION ISAVE(?200)
‘ GIMENS[ON IFRATE(S2) 4NAMES(9), INTATF(20,2), ISKATH(9)
C CLEAR COUNTERS AND SET INITIALIZATION,

TALLL=T1aLL231AL 1 3=1ALL4=)
ASSIAN 7 TG NCARD
Y 27%0,1=1,40010

eé75y 1SA(T»1)=0
00 10UR » I=1,20
TCATFUL,1)=1nATF(],2)20
100h 1caTalL (L ,1)=SICATALL(T,2)=0
C CAaTEGURY HATE DETEFMINATION CARD
ISav=1
READCOD, P033YCICRATEC]D), 121,52)
FUdS  FORMAT(ZA(RZ2.R1))
C StCTIUMN-RaTE CARDS,
Ny 2n34 1=1,9
READ VE&0,2035) 11,12,13
2035 FORMAT (11,13%X%,14,A8)
‘ ISRATECTY) = 12
2034 NaMES(I1) = 13
MZ=1
C READL DATE CARD
READCO0, 1) ICHECK, ID1,IN2
1 FURMAT(R1,2RR)

Ti32=aH % Th4=1il & [DH=1D2
IPAGF=N
[COuUNT=g0
1sve=Isyi=y

C FrAD FIRST NAME CaFD
READC(L, 2YISECTION,MANO, ICARDSMRATE

2 FORMAT (R1,R2,1t1, 30X, 14)

1011 ICORPFOT=0 & ASSIGN 12 710 TR b [Sy=10KC=1
NO 2725 1%1,20

¢ 1CAT (I ,4Y=1CAT(Ta2)=1
Jdzm7
S0 10 NCARD

C  wREWD CORREGTION Ok TIMe CARNS

7 NEAG(L, Y CIRFANC D) o 121, 41)

$ FURMAT(RY,R2sH*, 3R2,5(R2,R4,5K1))
IFCEOF . 1)Y1030, R

1034 IKFAN(1)=1R9 & GO Tu &

9D 7agn 1310, 80,7



Ny/larse]

TECIREAC]) %0, 1R ) IRFAD(T)Y = 0 235
ITCIREARCTI*1) ,FNe 1+ DIKKFADCI#1)20
TWCIREADCT+2) ,FN, 1K ) IREADCLI+2) =0
THOIREANCTI®3) kY, 1R DIRKFEADC]+3) 3N

/Uyl CONTINUE

T CTHEAN(Z) .30, 2)4,5

C SAvE CORRFCOTINN G yrDS
4 ICORRECT=[rURKEECT+1 % ASSIGN 11 TO I7UR

’ U & 123420 ‘
6 1CORS(IEOKRENT, 1) SIRFANCT)

Gu 10 7

¢ TImE CARUS §
5 TFCUTREAN(L) o800 TSFCTION) JAND, CIREAD(Z) $FU MANN)IU; 10U
C UHEOK FOR CORREMITON CARD aND PHINT JOB LINE
4 NUOL0e JJz7,33,7

TEFCIREADCJU)Y 450, 2R D)7,1n31

1%L Gu T0 IgUR

11

IF(lFUHQ’IFKPoh)'IRbADté))?U$U:1§ 12

2USU L ARTTE(2,2031YCTCORSUICKL KX )YahX=1,20)
2031 F(}HMAT(BK.SH"-t'.ﬁuf\hm—f‘T[()’\‘, ('AM) l'\‘ F‘HRU-R"'/EX"-)H".‘.'OHl'R?Ok1’

13H2,5(R2 R4, 8R1) /7))
1COUNTE [ rQUNT e

JekCzickm ¢+t ¢ VF(ICKC ,GT, ICOKRECTYI?U32,11
C CUrRECTINN aKND MUST AGRFE EXACTLY wITH PRINTED OLTPIT

18 IFCCICORSOICKC, 7Y FQ'IRtAD(JJ)).AND.(1CQR5‘IC“Cv“)~EQ°I“F”“‘JJ‘l))
1)14.13 - ' -

14 F((YLUP\(ILV(:9)QFU IPFAU(JJ*?)).AN”.(ICORS(IFKP 10)eb Lo IREANCU I+
14))2115,17

15 TFCCTCORSICKE ,11) ,ER, IREATI(JJI*+4) ), AND, (TCORSCICKE, 1°).tN.IFLA”(IJ
1+5)2)16,12 ,

1o IFCIPORSOICKCY13) (FO, 1RrAn(JJ~b>)17 12

¢ tuT‘H CONH cTION

17 enrgges s Le13 o

1% PU'lR' NN '

_ LLELL*
1t PRk IS ICORSCICKC,LL)

TCKG= oK+ .
AU IFCICRT ,6T, IPORRECT)IASSIGHN 12 Tu [NOR
€ EXTEND HOGURS ANT AaCCUM TOTALS ,

' IF (1CORS(ICIC~1414) ,Fu, PR ) 10,17
1¢ Lbsud+s ¢ I h=Jd+é
Lo 1ne66, KZsLM,LK
JRFCIREADC(RZ) EN. 1R D1061,3060
161 THEADIKZ) =D
1060 CUNTINUE

OF FIRST RyUN

[HP'S = GIQFAP(’J*S)'1000)+([RtAU(JJ¢4)Q100)+(1RtAD(JJ#H)'lﬂ)*lREAU(J

1.4+6)+100
TEOUNT=TINOUNT +Y
[FOICUUL T=5621020,1021,1021
1U21  CAbL HEADINGOING,IDZ2, 038, 1PAGK, I(UUNT)
NEEESTSECTTOM
et IHHS?=(IHR9-1PG)/160

AHTTEAP D OINFMESINAME) , ISECTTUN, MAND, LREAD(4)Y , TRFEADCH) , LikEAL . 6),
1IMFAn(l|).YRIIP(lJ+1),IhFAH(JJ+3).1HP§?.‘HP* ’
Zi FOPEAT(L X0 AR  AX, RL»F2,44X , 0D, 2(1+H/,R2),6Y, Rg K4, Rx,H1,/x,1g.}H,,Ig

1



N9/s1a4/A7
236"

C SECTION MAME IS REANK FOY ALL BUT Tk FIRST LINE UF A PaGh,

N0 85006, IXA=21,77,72
IFCIREANCII ) WFQ,y TCRATECIXAIINSLL, 6500

shoug  COUT InUE
WBEITE(Z208502) TRFADLIY) '

890y FGRMAT(2WX, 2T ERAL JOR CATEGURY NO, *,RD)
1COUNT= JCOHNTA+1q

UYL AAME=Y

L SAVE Man=CATEGORY TOTALDS
HU 21 1=1,00)

TFCIREADCI D) JENJICATCI )50 T 23

21 CONT ITNUE :

ICATCISVA 1S TEFANMJIY) 3 TCATLISV,2)=2THRS-1NU
ISVs18v+1 % a0 TO 1n7n

C Savi JOfs CATEGOKY aAnD JONR FOR THIS mAN

23 ICaTCla2)=1CAT(T42)+HRS=1ND

1070 ISAVLISCIREAD(OJ)*1000000003)+ [READCJ I+ 1)

g 3371, 1723 )2 ,M7
TFOISAYY WEle TISACTZ,101072, 0071

1u71 CUMT TR,

C I1Sh 54Yb APES FUR MAN TOTALS HY JOW
inntHL,1)=21SAVY t ISA(M/,2)=nRkRaTE & ]
TSACALya = CISECTION®1DNRNK) M A0 § M7

U/ ISALTLL3Y=T1SALTZ,3)«THRS=-1010

149 CoOnTINUE

o s 10 7 -

oo BND OF TIME FOR THIS Mab

iuel tTar =Y
He1nn2, 1=1,]S8y

LRTRIPE [TOT=ICAT(L,i+1TDT

TOT2=1 70T /100
INT=LTOT+1 01 :
[FeIa0UNT LT, BAIGO TO A000
CALL HEADNINGOINTLINZ, IN3TPALE, JCOUNT)
8uGLy FLOUMT=1IO0HNT=?
ARITR(2,1003) 1SECTIONM,MANQ, ;TOTZ2, [ TOT

7+1 b

SA(MZs 3)=sHRS=140D

GO To 1w

1608 FOURMAT(1ADL 1794, aMAN *#, R ,R2,% TOTAL*,15(2H = ), [3,1H,,12)

C wikile SERVICE CATEGNRY TOTALS
FOOUNTEIN0UNT"D
LFOInulgT=54)3N22,1023,1123 .

1028 ralll, HEADINGEIPA, [02, IN3, JPAGE, [COUNT)

“lb22 ARTTEC2,1004)

10N4 FORMAT(AHO, 10X, *SERVICE CATEGIRY TOTAlLS*)
[§Y=15Vat

C welTr OaTrGORY T0TALS
1005, [=1.18V .

[HAFSE(JOAT(La2)/0001)

THRS?2STOAT([,2)+10N
ICHUNT=100UNT+1
[FOInUUNT=-56)0024,1025,1025

1029  falll HEADINGCINT, 1IN, ID3, IPARE, ICOUNT)

Luzy WRTTE(2,100&82TCATCL 1), T, [HRS2

O NSAVE CATRGORY TOTALS FORK THIS SeTI0M

lute FORAAT (16X ,02, 3%, 19, 1M, 12)
QO 17, Il=st,18v2
TFCINATCT,4) =0, 1CATALL(IT,1))60 T 4009



9s147A/7

1007 CONTINUF 237
ICATALL(ISV2,2)=1CAT(1,2)
FCATALLCISVZ ) =T1CAT (], 1)

[572=15v2+1 B [y T 1nns

tuny le]ALl(IIo/"‘(ATAL'(Ila?)*ILAT(IpZ)

1uis  CIaTINUF
[CIAUNTSIOONT+?
ARTTF(2,1050!

LUHa +u%nal(1wn)
IF(IHrAntl).w).!%ECIIUN)1014.1010

C obend I9F SFCTINN, IRITE SFCYINN TOTALS,

161w [SVve=ISVP=1
CALL HEADING iDL, INZ, IN3, 1PAGE, [COUNT)
ARTTF(2,1004)

ITaT=0 .
c)o1n12, 131.36v2
JTOT=ICATALLOL,2)Y+]1T0T
THRS=[CATALLCL,2)/7100
THRS2=10aTALL(T,2)+100

L SAVE GRANMD TOTALS
Suo10%2, MRs31l,ISV3
LFCICATF MK, 1Y, B, TCATALLC(IN1))1053,1057

152 TuNTTabE
ICATFOISV3L1)=TCATALLC(T,1) & ICATFCISVIN2)=lCATALL(L,2)
ISVA= Sy 3+1 ‘
A0 T L2

1054 TCATF( (MK 22)STOATH (MR 2Y+10ATHLIL (T ,2)

1012 ~RITE(Z, 1006){PAYALL(Ial).lﬁHS.IHR32
[RRIS=ITOT/71400
WRITE(D 21N 300 aMESCISFCTIONDY » THRS, lToT

Jul1s FU\4&1(1H0.Al.tSFLTIHN *, AR, wTHTALs',Sxolb 1H-.I? //)

BRI URIEYS
NAAFSTRFAD(L)
i) 2752, Mlst.20 '

2/%2  TCATALLE™MI,1Y=STCATALL(M],2)s0
Iove=1

C +0Jd INIJICATOR ’

IF(IREAD(L)Y LE0, AR9IGN TO 1051

C L
C  WAME fARD REAN UNNER TIME CARD FURMAT == HEFORMAT,
jL14 ISECTINnN=IREADCYL) $  MaANOzJREAD(2)Y % [ TCAND=TIRFADNCS)
VAME=ISHEAT TN
TFCINARD G NE, . 1)GO TO 2500
LECONECAR, 1015, TRFAD(22) )MRATE
1015 FORMAT(BY,13)
TFCIREAD(23) JFG. 1F ) INKEAD(ZS) 2
CRATES(MRATE*LN)+IREADCZY)
ASSIAN 72 TN NEARD
Hy 10 1.!“11
ot vRATF=Q % WQIYF(90(5UJ)
501 th“AT(HX,BHﬂ~*t‘.*NAHL CARD MISSRING,» /.5XaHH""'o'HAYF
170 ZERUY)
ASSTLN » TN V(AQU Tooeo T o1nq1
Lewl CaLL HFA”INE('“1oiHZ,IH s IPAGE, ICQUNT)
CowrllF OKRAND TOTALS
[SVI=]SVi=1 - » 1TOT=Q

]




B0 1N54, [=1,[0V3
THRS=ICATF(L,2)y/100 :
FRITREO2,10U6) ICATF (L, 1), THRS, ICATF(],2)
1054 179T=1TT+1CcATF(1,2)
J1T0T221T0T/710y
ok ITEC2,1088)Y1T0T2, 1707
1L5% FORMAT(IHO, 99X, #GRANE TOTAL %, 15,1H,,12)

C ICHETK INDICATOR FOR SECOND HALF UF RPROGRAM (TINhk CARD

¢ CarpC MONTHLY JOR LAROR REPORT)
TEHCICHERK LER. 1)GO TO &npn
L 1100, 1=1,2an
1ang  TSAVEC(I)=p
Je=l=1 %+ whsn
C SaVE JOk NUMGERS FOR SORT
1104 1¢ 1101, K=1,1 :
TFCISAVEC(K)Y ,FD, ISACJZ,1))1102,1101
11061 CONTYINUE
TSAVECT)=ISACY7,1) % 1=(+1
1u0g Je=u7+1 '
LFOUZ WFGe MZ)11035,1104
C SOKT JORS INTO ALFPHA NRDER,
1103 TCUUNTzA0
TP AGE=Q
Taul=1d220
[uCL=1JCP=1481=1J82=h
TuS3=21U84=10:=144=14MN3=1JC4=0
Kpiz) ' :
Crlll SORTCISAVE(L) , ISAVE(TI=1),1,1,0,N0)
CJdeH CrTEGORY
2uce  JURC=ISAVE(KM) /100000 Q00R
C CATEGURY RATF DETERMINATIUM
2386, IX=1,81,2
THOJOBE JFU, [CRATECIX) 203742036
2U86  LLNTTINUF
A TTEC2,2038J0KC

endg FORMAI(1HD 10 (Bhewewanns), /45X, « J0R CATESORY ERROR

FCOUNT S IROUNT+D
1 X=3q
2137 IV IRST=q
C 5CAm SAVE AREA FOR ALL ENMTRIES FOR TwlS JOB
251k 02000, LL3L, M7
TRCISACLL, 1) o 20 ISAVE(KMY2001,2012
200 THFCOIFIRST LEJ. 0)2002,2003
2uh FaVIFCT=18SALLL,4)Y/10000kK
IFIRST=q ' :
FANEN] TFCISVSEDT (€9, (ISA(LL,4)710000R))2004,2008
O Cal CULATF LINE TD0AL
2uG4  MCOSTEC)ISA(LLePI*ISACLL,3Y) /7100
TUSL=TUS1+1SACLLS) % 1JS2s1US2+4COST
CTALLASTALLTI+T3A(LL,3)
MCAST2=1400ST/Lng
[HRS231SACLLSY /100D
TCOUNT=1A0UNT+1
U UVekAFAD KATE DET:RMINATION
TFCIShATECTISYSFCT) oFW, 0G0 10 300
IFCICKATECIX+L) «NEs 1RYYSUON, 3001

097L4/AK7

238

AUDTT)

*,RZ2,/)



09714767

3001 JOPHa(MCOST#|SRATE(ISVSECT))/100 L . 239
TOPH2=I0PH/1100
10PWs JOPH+MCIST § 10PW2s10PW/100
1JS33]JUS3+10PH  § [JS481JS4+]I0PNW
1FCICOUNT LLT, 57)G0 TO 3002
(of YR HFADM(ID4.lDS.lPAGEaICOUNT)
3ung *RITE(2.3003)!SAVE(KM)aNAMES‘ISVSECT)nISA(LL:4)n!HRS2.ISA(LL.S):
{MCOSTZ2,MCOST, INPH2,10PH, 10PW2, 10OPK
3003 FORMAT(bX.R605X.AB.ZX,RS.llX’l3o1H.iI?n!ﬂtiHollZaI7!1Ho!!Zaéxolﬁu
11He012) : ’ '
G0 TN 2012 '
Su00 JFCICOUNT=57)2005,2006,2006,
2006  CALL HEADM(1N4, 105, PAGE, [COUNT) '
2005 ﬂRlTE(?.?UOJ)ISAVE(KM).NAMFS(ISVSECT)olSA(LLo4).!HRS?.lSA(LL.S).
1MCOST2,MNOSTY -
2u07 FORHAT(&X,Rbasx.AB.ZX.RS.iiX:I3p1H.p!2;I6n1H.012)
1JS43]J54+MCOSY .
C FAVE ] SCANNED FuULL AREA)
2012 IF(LL .ED, MZ)2008,2000 ,
2008 THRS?2s1JS1/100 $§ MCQST2s1J$2/100
TCOUNTSICOUNT*2
C SAVE COUNTERS FUR FND OF J0B. END OF RUN, AND END OR CATEGORY,
JSECT(ISVSECT)=1JSt »JSECTCISVSECT)
MSECT(ISVSECT)2MSECT(ISVSECT)+1JS2
1U381J3414S7 & lJ4a]J4a+]U84 _
MSECT1(ISVSFRT)=MSECTL1( ISVSECT)+1JS3
MSECT2(SVSECTYsMSFECT2([SVSECT)+1JS4
JFCCICRATECIX*1) JNE, 1RY),OR, (ISRATECISVSECT) ,E0, 0)13005,3004
3004 10PHsIJUS3/100 § [0PH2s1JS4/100
IFCICOUNT=60)3006,3007,3007
3007 CALL HEADM(!DQ,IDSaIPAGE.ICOUNT)
ICOUNTZICOUNT*2 ~
C WRITE SERTIQOM TOTALS .
3uns wRITE(z,AOU&)NAMES(lSVSECT).IHRSZ.!JSl.NCUSTZo!JSZ.XOPHa!JSS.
110PH2, 154
3908 rORMAT(1H0314X,tSECT10H *,AB,w TOTAL*.BX.I4.1H.5!2.16.1H..!2.I7.
11H21206X,1004H 0 [2)
50 TO 3309
I0065 IFC1C0UNT=60)2009,2010,2010
2010 CALL HEADM(JD4,1D5,1PAGE, ICOUNT)
1COUNTEBIROUNT+2
2009 WRITE(2,2011)VAMESC(ISVSECT) ,THRS2,1JS1,MC0ST2,1JS2
2011 FORMAT(4H0, 14X, #SECTION *,A6,* TOTAL%,5X, [4,1H,,12,16,1H,,12)
3,09 IJFIRST=g & 1Ji=1J1+1USt § 1J281J2+1JS2 $ 1JS1=1JS2=0
[JSI=[US4a=0
ISVSECTs1SA(LL,4)/7100008
IF(LL +EQ, M2)GO TO 2000
ARITE(2,3055)
TCOUNT=[COUNT+1
20 10 2001
2000 CONTINUE
C WRITE JOB TNTALS
IHRS?=1J47103 & MCOST2=21J2/100
[COUNT=ICOUNT +4
IFCICOUNT=60)2013,2014,2014
2014 CALL HEADM(ID4, 1DS5, [PAGE, ICOUNT)
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1COUINT=[COUNT+3 240
1dCa=1.Jc4+1J4
1JC3=1n3+7J%
201y IFCICRATECTIX+L) (NE, 1RGO TY 3010
ARITE(2,2015) [SAVE(KM) , THRS2, [J1,MCOST2, 1J2 )
2015 FORMAT(IX,20Heaserwvennatansn JUE ,Rb,* TNTAL®, X, 18,1Hes12,16,1H,,
- 112,77) A
3012 TdCi=llnt+1J1 » TJrz=z1JCc2+142
ARITE(2,207()
S020 FORMAT(InX,*SEFTION PFROENTAGE DF JngSw)
JCOUNT =1 0UNT »9 :
C wHITE PERCENT OF Jng
N0 3N21, IH=1,9
TF(JSECTCIR) LFQ, 0)R0 TO Ju21
TALLSCOIR) =TAILLSCIRY+ISFCT(IR)
IPCT=(USFECTC[3)10006)Y /71 41
‘ IPCT2=1PCT /0
[COUNT=1COUNT 1
IFCICOUNT=57Y304),3041,3041 s
SU41  CALL HEANM(I34, 105, IPAGE, 1COUNT)
SUAU  ~RITEC?2, 3022 INAMES(IR)Y ,IPCT2,1PCT
$SCe2z  FORMAT(L10XsA%s0Xa1301H,,11)
21 JsECTCUIB)Y =N
clytsiJdosen
ARITE(2, 40%5)
Su5H FOR4AT (K )
ICOUNT=IrUUNT +1
K TKM+1
TIFCCISAVE(KMIZ10000N0000k) LEQ, JORBC)BO T 2016
U W {TE J0s nATEGIRY TUTALS
[COAUAT=YIQUNT D
IF(TCULMT=-57)3046,3%45,3045%
. € wKRITE TUTAL COST 3Y SECTTIONS ,
- Su4b  CALL HEANMOINS, 115, [FAGE, ICOUNT)
Susds  WRITE(D, 3023 JNRC
ICOUNT=1t0HNT #y
SUcd  FURMATCISX.#TITAL CUSTS RY SECTINN®,/,15X,%FOR JnR CATEGNRY “yk2)
0 3024, I8=1.0
[F(MSECTCIBR) +Fae. NGO Y0 3y24
IPCT=MSEAT(I3) /7100 ‘
FCOUNT=]rOUNT +1 _
TECIrOUNT=571v3047,3048,3048
SUdb  CALL HEADM(INA, 105, JFAGE, [COINT)
SU37  TALL23TAlL2+MIECT(IB) :
IPCTIEMSKCTLOIRYZAND ¢ TALLI=TALLI+MSECTI(IR)
IPCT2=MEECT20IR)/Z100 - & TALLA=TALL4+MSFCT2(IR)
"RITFEC2,3025)NAMESCLF) , IPCT,MSFGT(IR), IPATT1,MSECTI(IR), JFCTR,
LASFCT2C1R) e _
Sues FORFATE20X AR 19X 18,1, 12,17,10H4, 12,45, 18,1h,,12)
3074 MSECT(IR) 2MEEZOTI(IB Y sMEECT2(IR)Y =0
ARITF(2, 7095,
FUDS FORMATOIN(4Hs ~entenwr), //)
: TCOUNTE P OUNT w2
Tuti=1lJg»=0 :
CwND GF KN CHECK
IF(rM JEN, 1)Yen20,2076

La




urt

06714/47

1PCT=IALLA/100 3 IPCTL1=]ALL2/100 $ 1PCT2=1ALL3/s1n0 241
IPCT3=1ALLA/ZIEN

CALL HEATMCIDA, 15, IPAGE, ICUUNT)

C +RITE SeCTIoN GRAMD TUTALS

/uel
70¢ 0

4yn
Aulu

Splo

RETReN)
sS4y
Autl

Qg 7060, [=1,¢
TFCIALLSCD) L0, 0XGC YO 704N
IB=1ALLSCI)/Z72LN
WRITE(Z,7061)NAMFSCIY , TR, TALLSC(])
FORMAT(10X,A%0310%,16,1H,,17)

CunTINDE
dﬁITﬁ(2a4UﬂU)IPCT.IALLI.IPCli.IAlL?.lPCT?.IALLR.IPCIR.!ALL4
F‘OR“’IATH_GX.'G"M\IH TUTALS*pHXDIRpi'f".p’Z}l"1'100'2.!701"00l80

14Xs18s8Hes12)

STOP

TURKM=IJIZLI00 §  INKFY2=1J4/7100 _

LCOUNT=1n0UNT 4+ ) '
LFCICOUMT=87)35049,30%0,305¢0

CALL HFANMOING,I1DS,JPAGE,1CQOUNT)
ARITE(2,30101) ISAVE(KM) , THRSZ, 1 J1,MCOST2,1J2,10PH, 143, 10PH2, 104
FORAAT(IX, 2 Hesesetnwnnnsnwews JOK ,RE,* TOITAL®,X,18,14¢012,16,1hH,,

1]2‘17'1H0012'6Y016l1“;0120//)

1J%=1J4=0 $ 60 TO 3n12
=N
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SUBROUTINE HREAPLAGUINL,IN2, INS, IPAGE, [C0UNT) 242
IPAGF=IPAGH+1

ARITECZ,4) 101,102, TPAGE

FORMAT(IHL s 8Xa*MIUNTH OF % ,2RR8,2X,*ARAC TIME CARD AUDITe,
1?GX.*PAG¢'.I4./.1Hu,ox,-SECTIuNt.7x,¢MAN~.6x,nnAIE-,7x.aJ0H.,4x,
CPACTIVITY*,4Xy wp{URSw,//)

{COUNT=0

RETURN

=N



Lu/s3u/ol

SUSBRULTINE HLaDM (L Das 108y [PAGE TLUUNT)
LPace=irAutry 243

ICUUNT =0

wRITEdcoad) ey lud, fPaoL

FURMAT (LRl e 4Xy ¥MUNTH UF %y 2AB¢aXe¥ARAL MUNTHLY Juu LAvur Lusl Kol
LRT %o %Puob® o KXo 139/ /00Xy *JUD¥pBX o ¥3ELTLUN¥yOXy¥MAl¥y IA ) ¥FaL l ¥yDAy
CEHUURS#p0X o ¥EASEXR ¢ DX g ¥UP LR« ¥ g TX g ¥LUDT wWiTH¥ e/ )0ocho¥LUdlFpan,y
SHEUVHEAL¥ yOX g ¥UPLRe LvHEAu*)

KeTurn

END
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APPENDIX IT

COMPUTER PROGRAM AND INSTRJCTIONS FOR RECORDING COMPUTER TIME
ACCORDING TO THE NATURE OF THE PERFORMANCE IN A
NASA REGIONAL DISSEMINATION CENTER
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APPENDIX II

INSTRUCTIONS FOR COMPUTER TIME ACCUMULATION

- The following steps should oe performed to record the amount and

nature of the computer time utilized for a given_perfornanée:

Step 1. Read a card containing the following‘information:

(a) 'Identlficatlon number of the program being run u81ng
6 positlons.

(b) Cumulative total of time prev1ously employed for this
program in minutes using 8 positlons (3 decimals).

(¢c) Rate per minute for the computer time u31ng 5 positions
(3 dec1mals)

(d) Cumulative cost total previously incurred by this
program using 7 positions (2 decimals).

The field sizes can be altered to coincide with particular situa-
tions, and other information may be added as required by different NASA

Centens..

Step g: Call the 1nternal computer clock and store the beglnning time
of the program 1n TIME IN (measured in mllliseconds)

The two steps above should be executed at the beginning of the pro- ’ ‘
gram. Next, the normai'pfocesaing for;uhioh_thé mainiprogrém is designed

should be.performed. ;Ai«the oonblnsion of the normal computer'perfornance,

the ‘following ‘steps wouid be executed:

Step 3. Call the 1nternal computer ciock and store the ending tlme of the

program in TIME OUTu Both TIME IN and 'TIME OUT are recorded in milliseconds;

Step 4. Calculate elapsed‘miiiiseeonde;(TIME OQTUMINUS”TIME IN), convert

the figure to minutes (divide by 60,000), and store the result in TIME TOT.




APPENDIX II (Continued)

Step 5. Calculate the cost of this run (multiply TIME TOT by RATE) and
store in COST.

Step 6. Update the cumlative time total of this program (ACCUMIN plus
TIME TOT).

Step 7. Update the cumulative cost total of this program (ACCOST plus
COST). '

Step 8. Punch out a new, updated card as described in Step 1. The old
card may be destroyed, and the new card will be the input to Step 1

during the next running of the program.



Step 1°
o 10
Step 2

Step 3
Step 4
Step 5
Step 6.
Step 7
Step 8

- 10¢

)

(NORMAL PROGRAM BEGINNING)

247

-»

READ 10y 1D,
FURMAT (Ré6,
TIME]IN =

ACCUMIN,
F8s3,
TIMEF(X)

RATEs ACCUST
F5.3y F7.2)

o~

*

(NUKMAL

PROGRAM PRUCESSING)

..4
K

TIMEOQUT TIMEF { X)

TIMETNT = (TIMEQUT - TIMEIN)
COST = TIMETUT * RATE
ACCUMIN = ACCUMIN + TIMETOT
ACCOST = ACCOST + CUST
PUNCH 1(ud, IDy ACCUMIN,
FORMAT(Rb, FB.3, F5.3,

/ 6VLU0C.

RATE,
F7.2)

ACCOST

. N

{NORMAL END OF PRUOGRAM)
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COMPUTER PROGRAM AND INSTRUCTIONS FOR SDS COST
DISTRIBUTION TO THE INDIVIDUAL PROFILES IN A
NASA REGIONAL DISSEMINATION CENTER
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AFPENDIX III

SDS OPERATIONAL COST DISTRIBUTION .

The objective of the accomla_ar‘xyihg>m'ogram is a ueighted—avefage
distribution of the total SIB‘of:erational costs incurred for a given SIS
mrfoma‘nce to the individual interest profiles. The computer calculates
the unit profile charge on the basis of the relative profile pull. For.
example, if the total SIS Opgrational costs are $4000.00 and a partiéular
interest profile pulls 100 out 6f a total pull of 10,000, the unit charge
would be $40.00. The computation is..per'formed during the regular SDS
computer seax;t:h run. | ’ | A }

Since the computer pei'fo'rms the calculation at ﬁhe time the SIS
search is run, the total operational costs are unknown. Instead, a cost
breakdown of a range of possiblé costs is calculatéd, ;nd the appropriate
level is chosen after the correct process cost figure is known from the

cost accounting system. At the present time, the costs are in increments

of $200.00, ranging from $3200.00 to $5800.00.

Program Operation

Input
Program: COSTTEST
Input cards ‘

SIS Distribution tape (Unit 1)
Output  Printed Listing
)

Output liéting forwarded to acéoun_ti__ng’ function. VInput stored for

future use.




iv

PRUGKAM COSTTEST . - 250
DIMENSIUN S(3ULl)e ICODEC6CUD, ACCIO0U) NP LLIsMI(0OI),y [L0P10I0)
OIMENSION INt(2) L

EQUIVALENCE TINTIYs UATEV, (IN(2), AISSJE)

[YPr. INTEGER DATiE o2AISSUE,S

DO LUy 1=1,60G0 oo

[LUDLECT) = ACCUI) = MC(E) = ICOP(I) = U

JIC = J = 1 - :

puL ol = ©

C READ RMULT COPY TNTR“CUUNT

56 .

ov

KREAUDINPUTTAPE 60 ¢50 NP
FUKMAT(14) ,
WRITE(EL,6L) NP o
FURMAT(1X,14) _ 5

J =1 '

C KEAD MULT COPY INTRTTR UARDS

by
ol

oY

Yy

iU0

REAVINPUTTAPE 06U, dlys(l). Sz

FURMAT (A5, 18)

MClJ) = S(1) +ANU. 77777177’73

MLEJ+L) = St&) » '

NP = NP-1 : o

WRITEL61+89) NPy S(E11y ST2)y MC(J)y MLLJ*L)
FURMATILX 9 I 493X 9AB 93Xy 1895K9ABe3Xy [ yR NPy MLF)

UGULLLLLULLLU=- L -8 8K+++4ul J2-++2J20080~ KOO‘4*dJJ90*dUU%JduSuUJDuUuJJJJUUP

J = e
. u 10 8C
' MARK END UF TABLE . |
MCUJ#¥3) = 3HEND ™~ -
CMCLJ+4) = 8H
Jo=1

L KcoAU uaTe Ano ISSUE -

2Ly
21v

BUFFER IN (4,1) (INLL),INC2))
IFLUNIT v4) 21bv45b0450125u

L KEAU DISTRIBUTION TAPE -~

£ou

. &9l

21y

i3
Lo

BUFFER IN (4519 (S(L) 4 S(301))

LF( UNIT,4) 251,4270,400,25C

[LHK = S(L1) «AND. 7777770u0u8B

IF (ICHK LEQe SRXXXUu) ¢ GU TO 400

IF (ICHK «£Qe 5RAAAUU) GO TOU 250

(COUBLJICY = SULIT "<AND. "7TTT7777778

ACLLJIC) = S(2) : ‘ _ : -
ARITE (6092790 SELYy SU2)y 1CODECJLCYy ALLlJdiL)
FURMAT{LUXsAL»3X91859X9ABy3XoFB %S, 1CJdut, ALC*)
LF (MC{J) JEQe LLODE(JIE)) GU TG 300

IF € ML(J) .EWe 3HENU) GO TO 35C

Vo= Jeg. e R

6u TU 28C

¢ MULTIPLY PuLL BY COPIEY REWULIRED

EYey

3¢9

L osel

LP4V

AMC = MLlJ+1) :

WRITE(6L193G5) AMU MLIJ+1), ACCLJIC)
FUKMAT({L X, FOs3Xel893X,Foy®AMLMCyACCE)

FUK CALL wiTHMULT CUPTES

ACLLJIL) = ((ACCHJIC) *;AMCI+ACCIIICII/ 2.
WRITE(61,32C) ACCLJIC)
FUKMAT(LX,F8y%ACL®)

LCUP(Jtly = MLl J+])

JIL = JIC+1

U el FuRk CALC WITHOUT "MULT CUPLES

3

IcuoetJdIc) = St -

S ACLJIC) = St2)



ICUP(JIL) = ZR¥* ' 251
350 QUCTOT = LOCTOT + S(2) .

J =i |
JIC = JICFI——— T
GU TU 250

L  MARK END UOF NURMAL PROFILES
4Ly LCuDE(JLC) = SRTTTTT
JiL = JIC+L ) v R
C RtAU DUMMY PRuFILES ‘ e
459 R&AUlNPuTrnpffso7451.ICUJEtJlC!o”tCUP(JlLl. ALLLJIEC)
451 FURMAT(Ao,l2yF06)
1FLEUF60) HSLUy408 :
455 WKITE toely4d9) ICUDELJIC)y LCUP(JIICH, ALl (diL)
429 FUKMAT (L X, A8 2Xe L2 92X oFoa*1LUDE, 1CUP, ALL=DUMMY %)
. IF (LLUP(JIC) oEQe U ) GU TU 48U
ALUP = fTOPCIICY 77 '
ALLEJIC) = (CACL(JIC) * ACOPI+ACLIJIC)I/ co
WRITELOLya79) ACLLJIL), ACUP -
479 FUKMAT(LX,FBy2XF8y%ACC,y ALUP,—=DUMMY*)

4BL  DUCIUT = DUCIUT + ACCLJIL) ‘
JIC = JiC+l - . e
. .uU TU 456..;-A.,.._......_,.._._.__.._“‘._ e e .
suu LaLL COSTING (ICULE, ACL, DOLTOT, DATE, Alasues Jity 1CUP)
s10P
ciNU

SUBRUUT INE COSTING (I CUDE, ALLy DOCTUL, valbgAlddJdE Jlcyloupr)
JIMENSLUN COSTHtL4) CTUTl4ad, TOT(Ll4%)y dLductily AZC(L)
oimENSTON-TCOPtLY— 7 T L
iPaAGE=iLIM=1LINE=C
¢ CLEAR ALL TUTAL AREAS
DU L399 I=l.1l4 :
199$1Lu57lI}=LIOT(1)=TOT(ID=C.
CuuCsS=0.
L MARK. ENU T INTR TTR700C CUUNT TABLE
. {CUDE(JIL) = BHI799999Y '
L KkedET dNLEX TU START UF TABLE . ‘
Jie = 1
[CLK2 = 1L0DE - AND. 7777T7000L0B
L wR1TE REPORT HEADING
JUUG IPALE = TPAGE¥FT 777 77 et
WKITE (61,201G) AISSUE, DATE, IPAGE
ZU LU FURKMAT (1Al '*500050 ISSUE NUL*, 1X.R2'25K.*A.K.A.C. INTEREST CENTU
-1 CuSsST dR&AKUUNN"Sx'*DATE*,LK.RB;5X1*PAQC*'LK.l&,//)
ARITE(61,2C12) ,
2ulc¢ FUKMAT(1X,*[.L.*p6X.*TUI*'SLXr*LUST RANGLLE¥)
ARLTE(O Y y2CTyY—— "~ 7w
C IF THE LOw RANGE VALUE IN STATEMENT 2020 1> CHANGED, THI> FORMAAT
¢ MusT bE CLHANGED TU REFLECT i THEe PROPER COLJMN rtEAULNGOS.
dUl4a FUKMAT(LXy*CUUE*ilKo*LUP*p1Xo*PULL*.BX;*)Zud*rwxv*34U3*p«&y*30@(’
‘L"X'*BBLU*"O'X,*QOUU*"‘?Xp*"fzuo*"tx'*440U*"4x'*46bo*'4X.*46.}L*)4)('
2*5uuu*.4X.*5200*.4X'*540u*.4x.*5b00*.4x.*bduu*,//0 ‘
iCINE = [CINE#T— 7 o o |
¢ INLT1ALLIZE FIRST VALUE UF CUST RANGEe VALUE wibLL bE INCREMENTES DN
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APPENDIX IV

EXHIBITS I - XVI USED IN THIS STUDY
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EXHIBIT I

" GLOSSARY OF TERMS USED IN THIS STUDY

Allocated cost - A cost that is charged to the information services
on some indirect basis. *

. - Chart-of accounts - A list of the ledger accounts used in the

accounting system.

Computer mainteﬁance time - Computer time incurred to update the
information file or refine an interest profile.

Controllable cost - A cost that can be diréctly'regulated or in-
fluenced at a given level of authority.

Control ledger account - A general ledger account that is a summary

_record and is supported by a ‘set of subsidiary ledger accounts.

Cost accounting journal - A chronological record of the financial
transactions incurred during the information production process.

‘Cost accounting ledger - A record of every account established in

the chart of accounts, representing the historical files of the
financial transactions incurred durlng the information production
process ’

Cost accountlng system - A formal communications network that pre-
duces relevant cost information for planning, controlling, and
dec131on-mak1ng purposes.

Cost center - A responsibility unit (for example, a department or

: sectlon) for which costs are accumulated.

Cost variance - A dev1at10n between a cost target for a particular
item and the actual cost recorded in the cost accounting system.

Direct cost - A cost item that is specifically and conveniently
traceable to the information services,

Direct sundry expense - A term used to signify all direct costs
except labor. Examples are comput.er time, t.elephone calls,
reproduction expenses, and travel.

stcretlonary costs - A cost that can be changed only during the
planning phase, thus representlng a fixed cost during the anmual
operation of a center.

Document = A complete sciéntific or technical report.
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EXHIB'T I (Continued)

Engineer - A specialized literature searcher in a NASA Regional
Dissemination Center.

Fixed cost - A cost which does not change in total for a given time
period and-service activity range but becomes progressively smaller
on a per unit basis as volume' increases.

Flexible overhead budget - A series of overhead budgets for varying
service activity levels that adjust for the variable portion of
the total operations overhead costs.

Full-cost rricing - A cost basis that contains an average amount of
all service costs, both direct and 1nd1rect and an allocated share
of the snlllng and administrative expenses. :

Gross margin - The revenue .of a period less the cost of the serv1ces
performed.

Indirect cost - A cost item that cannot be traced directly to an
information service but is incurred in the productlon process.

Information -~ A general term which may refer to the contents of a

"“complete document, an abstract of a document or a reference to a

document.

Inf'ormation abstract - A summary of the essential features of a
report or document.

Information citation = A reference to a réport or document containing
such information as the title, author S8 name,. source, and number of
rages. L

Information management - The management, of the receipt, storage,
retrieval, reproduction, dissemination, and inventory control of
scientific and technical information in a NASA Regional Dissemina-
tion Center. '

- Interest center - A synonym for the term Vintérest profile."

Interest profile — A listing of the relevant terms that describe
a client's interest area and their relationship to each other.

Job order costing - A costing technique in which each search is
considered a unique job, and the costs incurred during the pro-
duction process are charged to the related searches.

Lot '
Library - A general term used to define all library functions such
as those orerated by univers;ties, governments, and business firms.

Mean - A measure of the central tendency of a set of data that is
calculated by summing the values of the individual elements and
dividing by the number of eldments.
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EXHIBIT I (Continued):

Mcan square - between groups - The between groups variance divided
by the avpropriate degrees of freedom in an analysis of variance
model.

Mcan square - within groups - The within groups variance divided by
the appropriate degrees of freedom in an analysis of variance model.

NASA Center - A synonym for NASA Regional Dissemination Center.

Nonservice costs — The selling and administrative expenses of a NASA
Center.

Normal production capacity - The service activity that will satisfy
consumer demand over a period that is long enough to include seasonal,
cvcllcal, and other trend factors.

‘Null hypothGSJQ - A proposition that is tested statistically.

Operations overhead - The indirect service costs incurred durlng the
rroduction process.

Process costing = A costing technique in which the service costs are
accumulated for a work function during a glven time perlod but are
nct charged to specific products.

Profile search - A search of the current portlon of the NASA file
against an SDS interest prof le

flange - The difference betWepn the high and low values of an array
o{ data.

Resyonsibility accounting - The assighment of the controllable costs
of a cost center to the employee responsible for the work activity..

Retrospective search - A search of a file of historical literature
for information relevant to a well-defined problem.

RSS - Retrospective Search Service.

Sample = A subset of the universe of data that is selected for an
.njexengp concerning a population pdrameter.
i

505 - Selective Dissemination Service.

i
SDS develomment costs - The service costs consumed, either directly
or indirectly, for the~deve10;ment of an interest'profile.

SDS maintenance costs - The service costs consumed, either directly
or indirectly, to update the relevancy of the 1nterest profile
terms.
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EXHIBIT T (Continued)
SDS operational costs - The service costs consumed for the profile
searches, either directly or indirectly, during an SDS performance.
Service costs. - The costs which are charged, either directly or
indirectly, to the information services. The three types are

direct labor, direct sundry expenses, and operations overhead..

Standard deviation - The square root of the average of the square
of the deviations of the measurements about their mean.

Stat1st1ca1 cost control - The use of statistical sampllng methods
to control the direct service costs consumed during the information
rroduction precess.

Subsidiary ledger - A detalled listing of the transactions summarized
in a general ledger.

Type I error - The rejeétion of a true nuil hypothesis.

Tyre II error.- The -acceptance of a false null hypothesis.

Unit scarch cost - The total cost of an individual information search.
Universe ~ The entire populatioﬁ of data.

Variéble cost - A cost which fluctuates in total in direct proportion
to changes in service activity and is uniform per unit.
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EXHIBIT II
RESEARCH QUFS‘IIQ\]NAIRE COVER LETTER
337-8884 - , May 19, 1967 -

Dear Sir: s

I am currently engaged in a research project which is being
sponsored by the Technology Utilization Division of NASA. " The
objective of the research is the design of a cost accountlng
system which is directly appllcable to the operation of a tech-
nical information center such as those established in the NASA '’
Regional Dissemination Program.

In order to be sure that I consider all aspects of the
project, I would sincerely appreciate it if you would help me
. by filling out the enclosed questionnaire. I have attempted
to design the questionnaire so that I can obtain specific in-
formation and yet leave enough flexibility that your individual
opinions can also be generated. '

The end result of the project will be an operating manual
which I hope will be useful to all the regional centers. Any
consideration that you can give my request will certainly be

" appreciated,

Sincerely,

JH jc . o John G. Helmkamp

Enclosure ‘ L
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EXHIBIT IT
RESEARCH QUESTIONNAIRE SURVEY RESULTS

FROM SEVEN NASA REGIONAL DISSEMINATION CENTERS

How is cost information presently obtained in the organization?

1 2 2 2
Cost Statistical Cost Rough Other
Accounting Cost Estimation Estimates
System System Studies
Comments:

Is the responsibility for the cost informatlon function delegated to
any one specific person?

3 . 2 2
His Sole . His Primary His Secondary No One in the Other
Responsibility Responsibility Responsibility Organigation

Comménts:

At the present time, are there any specific forms being used for

general control purposes, i.e. material requlslton, labor time
reports, etc ? .
6 2
Yes No

Nature of the Reports:

What i3 the basis for the current fee schedule?

.2 3 1 . FL
Actual Statistical . Rough Fixed Fees Other
Costs Costs " Estimates Void of Costs

- Comments: #NONE

Do you presently bill clients as they use the services or on a fixed

1 5 *]

Current ' Semi-Annual Annual Other

Comments: _SAME AS FOUR
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EXHIBIT IT (Continued)

Does the Center presently have a computer capability?

b 2
Yes No

Comments:

Are the members of the staff:

1 ' 6
‘Full Time Part Time Both Neither
Engineers and Engineers and
Scientists Scientists
Comments:

How many services are offered of a current awareness nature?

. 5 1l 1
0 1 2 3 More Than 3

Comments:

How many services are offered of a retrospective search nature?

5
0 1 2 3 More Than 3

- Comments:

Would the organization be willing to imstall a feasible cost
accounting system if it were readily available?

1 —
Yes No

Comments:

Is there a need for accurate cost and operational information beyond
your present capabilities? ‘

”,

& %1
Yes No

Comments: _¥NOT AT PRESENT STAGE OF DEVELOPMENT
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EXHIBIT II (Continued)

How is the general accounting function, i.e. payroll, purchasing,
etc., accomplished?

2 2

Internal to the Organizaticn

External to the Organization

Comments:

If an appropriate cost accounting system were operational in your
organigation, do you think that the following functions would be
facilitated?

A.

Planning, i.e. budgeting for future expenditures and manpower.

6 1

f?g No

Comments:

Contrelling, i.e. adherence to the work schedule.

2 2
Yes , No

Comments: ’

Pérformance evaluation, i.e. adherence to the work standards.

2 2
Yes No

Conments:

General decision-making,!i.e. whether to purchase or lease
equipment. : .

Comments:

Directing the operation, i.e. determining the work schedule.

5.0t 2
Yes No

Comments:
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EXHIBIT II (Continued) -

F. Pricing the services.

Comments:

Does the organization currently have a responsibility to report to
external sources concerning cost performance?

v .
s 2
Yes No

Comments:

Does the organization currently utilize an internal reporting

- function concerning cost and operational information?

| 16.

' 17.

6 1

Yes ’ No

Comments -

If the answer to 15 is yes, what kind of reports .are used, i.e.

labor hours utilized, number of services performed, etc.?

Comments: SEE PAGE 264

Given the specific ¢apabilities of your organization, what kind of
cost 1nformat10n would you con31der most useful?

A. C SEE_PAGE 264

B.

.C.

D.

E.

Comments:
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EXHIBIT 11 (Continued)

Given the specific‘capabilities of your organigation, what kind of
reports would you consider most useful?

A. SEE PAGE 264

Comments:

Given the specific capabilities of your organization, what mana-
gerial uses would you consider most important of cost and
operational information if it were available?

A. SEE PAGE 264

B.

c.

D.

E.

Comments:




EXHIBIT II (Continued)

ANSWERS TO QUESTION 16.

1.
2.
3.
4.
5.

ANSWERS

e o o . .. ..

o R BEe SRV, BF U S

Y

3.
LABOR HOURS '
NUMBER OF SERVICES PERFORMED
COST STRUCTURE
COST BY FUNCTION
PERFORMANCE BY CLIENT .

TO QUESTION 17.

COST BY SERVICE

.RESOURCE ALLOCATION COSTS
COST/REVENUE COMPARISONS
SERVICE PRICE INFORMATION
BUDGETING

. GENERAL MANAGEMENT INFOWAHW

LABOR HOURS UTILIZED BY FUNCTION

COST PER FUNCTION

ENGINEERING AND CLERICAL WORK BY SERVICE
MATERIALS COST PER SERVICE ‘
COMPUTER SEARCH COSTS

MARKETING COST METHODS

ADMINISTRATIVE COST ALIOCATION

TO0 QUESTION 18.

LABOR PERFORMANCE REPORTS
GENERAL COST REPORTS

NUMBER OF SEARCHES PERFORMED VERSUS MONTHLY COSTS'

MATERIALS USAGE
OPERATING COSTS RELATED TO CLIENTELE ACTIVITY
MANPOWER REQUIRmENTs :
TO QUESTION 19.

PLANNING NEW VENTURES ,

- FEE SCHEDULE PREPARATION

ELIMINATE UNPROFITABLE SERVICE LINES
PRICING SERVICES TO SUBSCRIBERS
EVALUATING ALTERNATE METHODS AND EQUIH(ENT
LEASE~BUY DECISIONS

EMPIOYEE EVALUATIONS

STUDIES OF ALTERNATIVE PRODUCTION SYSTEMS

264
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EXHIBIT ITI

ARAC TEST PERIOD COST RESULTS

Sample Data - Unit Retrospective Search Costs

Sample
Retrospective
Search July August September
1 96.02 69.04 64.31
2 85.57 98.26 88.34
3 68.46 64.31 64.59
L 73.21 -97.15 42.27
5 84.26 82.33 104.15
6 78.11 94.27 118.54
7 87.63 128.06 57.90
8 78.53 101.25 54.73
9 76.63 95.68 103.13
1¢ 75.64 71.52 58.88
11 82.98 76.23 117.23
12 102.37 44 .32 83.85
13 81.94 T1.L7 107.37
14 93.27 101.22 125.10
15 105.48 92.41 94.09
16 52.86 59.75 114.17
17 169.37 88.78 , 83.09
18 73.76 65.98 78.94
19 : 75.65 9%4.17 109.73
20 61.64 126.54 66.97
Total 1,703.32 1,722.74 1,737.38
X 85.17 86.13 86.87
Analysis of Variance Test
oWl = 3% xijz - I sz where Ow® = Mean square within columns
nj Xjj — Sample observation from
the ith row and jth
N -k column
Tj = Total of jth column
njy = Observations in the
jth sample
N = Total sampled observa-
tions
= Number of samples
475,262 = 44,380 -~ 30882 542
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EXHIBIT ITI (Continued)

oB2 vszjz _ T2 - where B2 = mean square between
—_— — columns
nj n T = overall total observa-
I : tions

Critical region of "F" test is 3.171

Thus, the null hypothesis that the monthly average retrospective searches
are equal between months is accepted.

.Sample Data - Unit Profile‘Search Costs

‘Sample -
Profile _
Search - rduly - August September
1 $ 6.80 $ 9.67 $ 11.78
2 6.13 - .5.35 9.88
3 4.37 4L.76 S 2,66
L 6.90 10.08 T 9.31
5 3.50 '2.88 ' 2.85
6 - 10.18 3.29 T 342
7 4.20 13.27 9.51
8 3.85 . 10.90 6.65
9 5.25 18.11 9.51
10 15.75 10.29 . 15.40
1 9.98 3.91 8.75
12 5.25 . 473 6.27
13 13.13 © 3.50 4.37
14 2.80 8.23 7.03
15 8.93 2.26 10.26
16 15.93 6.79 8.74
17 5.42 2.88 -1.90
18 16.43 7.20 : 8.55.
19 3.50 7.41 . 2.28
20 - 2.10 3.91 6.46
21 17.15 10.29 - 2.09
22 - 3.85 11.31 - ©7.03
23 6.30 8.64 : 3.04
2L _ , ‘ 2.80“ 7.41 - 6.84
25 .12 - 3,50 17.30
Total . 186.62 $180.54 $181.88

X ‘ $ T.46 $ 7.22 $ 7.28

1Paul G. Hoel, Introduction gg' athematical Statistics (3rd ed.;
New York: John Wiley and Sons, Inc., 1962), p. 406. :
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EXHIBIT 111 (Continued)

Analysis of Variance Test

ow? = zzxijz - Zsz (Terms are the same as
nj | retrospective search case.)
N -k
= 5040.25 -~ 4020.08 - 1020.37 = 1
. 72 72 ._L.}...
OB< = 2Tj2 - 12 (Terms are the same as
Y o the retrospective search case.)
k -1
= 4020.08 - 4019.26 = .82 -
> S T zhl
. 2
.= OB
g -ﬂ‘_ = 029

;;2- N 14.17 St
Critical region of "F" test is 3.132

Thus, the null hypothesis that the monthly average profile searches
are equal between months is accepted.

“Ibid.
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EXHIBIT IV

EMPLOYEE DAILY TIME TICKET

NAME DATE
COST CENTER CHECKED BY
AM. WORK ACTIVITY P.M. WORK ACTIVITY
600 1200
15 15
30 30
45 45
700 100
15 15
30 30
45 45
800 200
15 15
30 30
L5 b5
900 300
15 15
30 " 30
45 45
1000 400 -
15 15
30 30
'S 45
1100 500
15 15
30 30
- b5 45
1200 600
COST CODES ' EXPLANATION
: RSG RSS General Time
< RSM Z RSS Maintenance Time
RS (DIGITS) . _SPECIFIC Retrospective Search
SDD (DIGITS) ' . SDS Development for Specific Profile
SDM ' . SDS Maintenance Time
SD (DIGITS) - Specific SDS Performance
SS ‘ Special Projects
0S Other Services
OP General Admin. Time
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EXHIBIT V
WORK ORDER .

JOB NUMBER
ORIGINATOR DATE
SERVICE CODE —- DATE REQUESTED
INSTRUCTION CODES :

A - Abstracts F - Microfiche 0 - Other

D = Full Documents C = Collate

R - Reproduce B - Bind

P - Photocopy i T - Trim
REQUES‘I: NUMBER COPIES| CODE REQUEST NUMBER COPIES| CODE

SPECIAL INSTRUCTIONS

WORK PERFORMED .(QUANTI"I'Y)

=
:
g

COPY MATS

'PAPER OTHER




EXHIBIT VI
TELEPHONE RECORD

CLIENT

210

DATE




EXHIBIT VII
TRAVEL VOUCHER

TRAVEL VOUCHER NUMBER

EMPLOYEE

REASON FOR TRIP

271

DATE LEFT

DATE RETURNED

CLIENTELE VISITED

* SERVICES DISCUSSED

LIST OF EXPENSES AMOUNT

'DISTRIBUTION
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EXHIBIT VIII

OPERATIONS OVERHEAD BUDGETING

Selection of a Predetermined Operations Overhead Rate

.\
Select a feasible work ictivity basis for overhead allocation
that will relate the iniirect costs to the information
services, as realistically as possible, in proportion to
their benefit from the overhead. Possible bases are direct
labor cost, direct labor hours, computer time, or service
units. _

Determine reasonable capacity levels, measured by the
selected work activity basis, for an annual operating
period of the center.

Determine all variable operations overhead items for the
different activity levels selected in 2.

Designate the constant fixed operatlons overhead costs for
the operating period.

Estimate the consumer demand expected for the 1nformat10n
services durlng the period.

On the basis of 5, select the normal Operatlng capac1ty of
the flexible budget which relates the work activity basis
to the iorecast consumer demand.

Divide the total operations overhead at normal capacity

by the related work activity measure for the calculation
of the appropriate application rate.

Keypunch the rate selected in 7 onto the section overhead
rate card shown in Appendix I for computerized processing.
The program is designed presently to apply the overhead
on the basis of direct labor costs so it must be revised
if another activity basis is chosen.
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Direct Labor Costs
Variable Operations Overhead
Engineer Reading Time
Indirect Engineer Time
Idle Time
Staff Meetings
Operating Supplies
Maintenance
Power
DPestage
Miscellaneous

Total Variable

Fixed Operations Overhead
Suvervision
Rent
Insurance
Cerreciaticn
Equipment Rental
Telerhone
Miscellaneous
Tetzl Fixed Operations Overhead

Total Orerati-ns Overhead

Predetermined Overhead Rate

EXHIBIT VIII (Continued)

TECHNICAL INFORMATION CENTER
OPERATIONS OVERHEAD FLEXIBLE BUDGET

YEAR ENDING DECEMBER 31, 19xx

$60,000

3,000

$31,

18,000
6,000
2,000
3,600
2,400
1,200
2,000

35,20¢C

$66,40C
1.1167

$70,000

3,500
10,500
5,600
2,100
7,000
1,400
2,800
1,400
2,100
$36,40C

18,000
6,000
2,000
3,600
2,400
1,200
2,000

35,200

$71,600

Normal
Capacity
$8C,C00

4,000
12,000
6,400
2,400
8,000
1,600
3,200
1,600
2,400
$41,600

(-]
o HEDDWDDOR

W

$90,000

4,500
13,500
7,200
2,700
9,000
1,800
3,600
1,800
2,700
$46,800

$10C,000

5,000
15,000
8,000
3,000
10,000
2,000
4,000
2,000

wmw 000

388,200

3.882C
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EXHIBIT IX
TECHNICAL INFORMATION CENTER

CHART OF ACCOUNTS

Assets
1000 Cash
1050 Contracts Receivable
1100 Accounts Receivable

1150 Operating Supplies

1200 Prepaid Expenses

1250 Office Equipment

1300 Operations Equipment

1350 Microfiche

1400 Computer Tapes

1450 Buildings

1500 Land

1550 SDS Development

1570 Other Assets

1600 Allowance for Depreciation - Office Equipment
1650 Allowance for Depreciation = Operations Equipment
1700 Allowance for Depreciation - Microfiche

1750 Allowance for Depreciation - Computer Tapes
1800  Allowance for Depreciation - Buildings

Liabilities

2000 Vouchers Payable

2050 Accrued Wages Payable
2100 Accrued Copying Expenses
2150 ~ Accrued Computer Expenses
2200 Other Accrued Expenses
2250 Deferred Income

Capital
3000 Center Fund Balance
Revenues
LOOO‘ Revenue Control
{050 Clientele Payments
4100 Other Revenue

Cost of Services

5000 Cost of Services Completed

Revenue & Expense Summary

60((* - Revenue and Expense Summary
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EXHIBIT IX (Continued)

Operations Expenses

7000
7010
7020
7030
7040
7050
7060
7110
7120
7160
7210
7220
7230
7240
7250
7260
7270
7280
7310
7320
7330
7510
7520
7530
7540
7560

Operations Control

Engineer Labor

Operating Supplies

Documents

Telephone and Telegraph - Operations
Company Travel - Nonservice
Miscellaneous

Clerical Labor

Operating Supplies

Miscellaneous

Reproduction Labor

Operating Supplies

Equipment Rental ,

Photocopying and Micrcfiche Production
Printing and Duplicating

Postage - Operations

Maintenance Agreements
Miscellaneous

Computer Labor

Computer Time

Miscellaneous

Fringe Benefits -~ QOperations
General Administration Charged to Operations
Depreciation - Operating Equipment
Depreciation -~ Computer Equipment
Miscellaneous

General Administrative Expenses

8000
8050
8100
8150
8200
8250
8300
8350
8400
8450
8500
8550
8600
8650
8700
8750

General Administrative Control

General Administrative Labor

Fringe Benefits -~ Administration
Retirement - Administration

Supplies - Administration

Telephone and Telegraph - Administration
Equipment Rental - Administration
Printing and Duplication - Administration
Repairs - Administration ,
Depreciation - Administrative Office Equipment
Miscellaneous Travel

Rent

Maintenance Agreements

Magazine Subscriptions

Postage

Miscellaneous



EXHIBIT IX (Continued)

Selling Expenses

9000
9100
9200
9300
9400
9500

Selling Expenses Control
Advertising

Promotion

Meetings

Promotion Travel
Miscellaneous

Service Accounts

0100
0200
0300
0400
0500

RSS in Process Control
Finished RSS Control
SDS in Process Control
Finished SDS Control
Other Services Control

276




EXHIBIT X.

TECHNICAL INFORMATION CENTER

BALANCE SHEET
JANUARY 31, 19xx
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LIABILITIES & FUND BALANCE

ASSETS
Current Assets: Current Liabilities: ,
Cash : $ 16,850 " Vouchers Payable $ 16,840
Contracts Receivable 54,930 Accrued Wages 5,210
Accounts Receivable 15,620 Accrued Copying Expenses 685
Operating Supplies 1,212 Other Accrued Expenses 232
Services in Process 6,846 Deferred Income 52,340
Prepaid Expenses 2,482 Total Current Liabilities " $ 75,307
Total Current Assets $ 97,940 T
Center Fund Balance:
Fixed Assets: Center Fund Balance . 67,635
Office Equipment $ 8,404 Total Liabilities and
Allowance for Fund Balance $1h2,942
Depreciation 1,264 7,140 -
Operations Equip-
ment 15,640
Allowance for
Depreciation 3,220 12,420
Computer Tapes 843
-Allowance for
Depreciation 112 731
Microfiche 3,640
Allowance for
Depreciation 820 2,820
- Buildings 15,634
Allowance for
Depreciation 3,843 11,791
Land 2,000
SNS Development 6,890
Other Assets 1,210
Total Fixed Assets _45,002

Total Assets

$142,942
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EXHIBIT X (Continued)

TECHNICAL INFORMATION CENTER
INCOME STATEMENT
MONTH ENDING JANUARY 31, 19xx

Revenue

Retrospective Search Service Revenue $4,878

Selective Dissemination Service Revenue 7,318

Special Projects Revenue 2,424
Miscellaneous Revenue 516 '
Total Revenue $15,136

Cost of Services Performed

Retrospective Search Service $3,902

Selective Dissemination Service 5,854

Srecial Projects 1,939
Miscellaneous Services . 413

Cost of Services Performed ‘ ‘ $12,108
Gross Margin _ : - $ 3,028
Selling and Administrative Expenses

Selling Expenses $ 757
Administrative Expenses ‘ 2,215

Total Selling and Administrative hxpenses $ 2,962

Excess of Revenues over Oreratlng Costs - $




EXHIBIT XI

TECHNICAL INFORMATION CENTER
ENGINEER SECTION

COST CENTER PERFORMANCE REPORT

MONTH ENDING JANUARY 31, 19xx

MONTH OF JANU. YE

COST ITEM BUDGET ACTUAL, VARIANCE BUDGET
Direct Labor $4400 $4512 $(112) $44,00
Idle Time 550 330 (280) 550
Meetings 110 102 8 110
Engineer Reading 165 195 ( 30) 165.
Supplies 210 215 ( 5) 210
Computer Time 1250 1630 (380) 1250
Telephone 640 610 30 64,0
Travel 845 955 (110) 845
Miscellaneous 150 140 10 . 150
Total Expenses  $8320.  $9189  $(869)  $8320

Ly

( ) denotes an unfavorable variance.

1630

610
955

#9189
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SERVICE
RSS NUMBER

1450
1451
1452
1453
454
1455
1456
1457
1458
1459
TOTAL RSS

SDS NUMBER

15

16

17
TOTAL SDBS

SPECIAL PROJECT

2]
22
23
TOTAL SPRCIAL
PROJECT

EXHIBIT XII

TECHNICAL INFORMATION CENTER

SERVICE COST REPORT

MONTH. ENDING JANUARY 31, 19xx

DIRECT
LABOR

$ 44.15
46.20
32.10

© 36,15
28.10
36.45
41.10
43.25
Ll .50
31.15

$383.15

$ 796.81
1025.25
885.15
$2707.21

. $ 318.30

110.20
58.60

$ 487.10

L

DIRECT
SUNDRY EXPENSES

$ 21.30°
19.20
17.10
17.05
16.15
18.10
18.05
16.10
18.10
17.15

$178.30

465.10
475.15
$1421.80

$ 96.15
56.30
13.20

$ 165.65

220

OPERATIONS TOTAL SERV'CE
OVERHEAD COSTS .
$ 39.73 $105.18
41.50 106.90
28.89 78.09
32.53 85.73
25.29 69.5L
32,80 87.35
36.99 96.14
38.92 98.27
40.05 102.65
28.03 76.33
$344.73 $906.18
$ 718.03 $1996.39
922.72 2413.07
796.63 2156.93
$2437.38 $6566.39
$ 286.47 $ 700.92
99.18 265 .68
52.74 12454
$ 438.39 $1091.14
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EXHIBIT XIII
TECHNICAL INFORMATION CENTER
REVENUE - COST REPORT
YFAR ENDING DECEMBER 31, 19xx

CLIENTELE SFRVICE

CLIFNT A REVENUE ACTUAL COST DIFFERENCE
RSS 1450 $ 85.00 $ 95.10 ($10.10)
RSS 1461 - 85.00 105.20 ( 20.20)
RSS 1492 85.00 62.90 22,10
RSS 1525 : 85.00 60.80 24.20
RSS 1585 85.00 72.00 13.00
RSS 1610 85.00 98.00 ( 13.00)
Total RSS 510.00 C 494, 16.00
SDS Profile 51 295.00 310.90 ( 15.90)
SDS Profile 52 195.00 185.60 -~ 9.40
SNS Profile 53 395.00 386.40 8.60
SDS Profile 54 295.00 335.20 0.20
Total SIS 1180.00 1218.10 % 38.10%
Total Clicnt A 1690.00 . 1712.10 ( 22.10)

CLIFNT B
RSS 1522 85.00. 98.20 ( 13.20)
RSS 1605 _ 85.00 110.30 ( 25.30)
RSS 1626 85.00 69.15 15.85
RSS 1681 85.00 165.10 ( 80.10)
RSS 1699 85.00 . 62.15 22.85
Total RSS 425.00 504.90 ( 79.90)

3PS Profile 30 495.00 - 512,16 ( 17.16)
5PS Profile 3) 195.00 164,.80 30.20
SDS Profile 32 . 495.00 415.50 79.50
SPS Profile 33 295.00 - 310.20 ( 15.20)
SDS' Profile 134 295.00 300.40 ( 5.40)
Total SDS T775.00° 1703.06 TTL.94
Total Client B - $2200.00 $2207.96 - ($ 7.96)

( ) denotes unfavorable variance.
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*EXHIBIT XIV

TECHNICAL INFORMATION CENTER
OVERHEAD ANALYSIS REPORT
YEAR ENDING DECEMBER 31, 19xx

Actual Direct Labor Costs Recorded = = = = = = - $78,500
Normal Capacity Adjusted Budget at Actual _Budget
COST ITEM Budget -$80,000 $78,500 Capacity Costs  Variance
Variable Opns. Ovhd. .
Engineer Reading Time $ 4,000 $ 3,925 $ 4,030 ($ 105)
Indirect Engineer Ti : 12,000 11,775 12,562 (  1787)
Idle Time : 6,400 A 6,280 6,02, - 256
Staf'f Meetings 2,400 2,355 2,516 (  161)
Operating Supplies 8,000 7,850 7,762 88
Maintenance 1,600 "1,570 1,940 ( 370
Power 3,200 3,140 3,21 (70
Postage 1,600 1,570 1,380 190
Miscellaneous ' T 2,400 : 2,355 2,310 45
Total Variable ‘ 41,600 S 40,820 41,734 ( 914)
Fixed Oprns. Ovhd. o :
Supervision . 18,000 _ 18,000 018,230 (  230)
Rent - - . 6,000 6,000 6,110 ( 110)
Insurance ' 2,000 : 2,000 1,890 110
Depreciation: ‘ 3,600 3,600 3,7 (1 114)
Equiprment Rental , 2,400 . 2,400 2,56C ( 160)
Telephone S 1,200 1,200 1,155 45
Miscellaneous - - 2,000 2,000 2,612 (  612)
Total Fixed ‘ 35,200 N 35,200 36,271 ( 1,071)
Total Operation Overhead $76§800 ‘ (1)$76,020 (4)%$78,005
udget. Variance (1 less 4) , ($l!985b
"Operations Overhead applied - ' : : ——
at $.96 per direct labor * ‘ '
cost or $7_8,’500 X .96 - (2)$Zé,260 (3)$Z§,§60
Veolume Variance (1 less 2) . - ($660)
Total Oper. Ovhd. Variance (4 less.3) ($2,645)

( ) denotes unfavorable variance.
#* This report is based on the budget data of Exhibit VIIT.
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